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Respiratory  dysfunction  is  a frequent  comorbidity  among  patients  with  idiopathic 
Parkinson's  disease  (IPD).  Respiratory  muscles  control  both  ventilatory  and  non- 
ventilatory functions  and  their  strength  reduction  might  cause  serious  consequences  to 
these  functions.  This  study  investigated  the  effects  of  an  expiratory  muscle  strength 
training  (EMST)  program  on  the  strength  of  the  expiratory  muscles  and  the  effects  of 
EMST  on  ventilatory  (pulmonary)  and  non-ventilatory  (pulmonary,  cough,  and  swallow) 
functions  of  the  respiratory  muscles  in  patients  with  IPD.  It  further  investigated  the 

Participants  included  10  (4  females,  6 males)  individuals  with  IPD  of  moderate 
clinical  severity  (Hochn  & Yahr  II-III)  with  an  average  age  of  58.8  years.  Respiratory 

second  (FEV 1 ).  the  ratio  of  FEV I to  forced  vital  capacity  (FEV I/FVC).  and  maximum 


durations,  peak  expiratory  flow  rate,  and  amplitude  and  duration  of  the  post-peak  plateau. 
Swallowing  measures  included  temporal  measures  of  pharyngeal  response,  hyoid 
movements,  and  velopharyngeal  closure  during  swallowing  of  5cc  and  lOcc  of  thin  liquid 
and  pudding  boluses  as  well  as  displacement  measures  for  hyoid  superior  and  anterior 
movements.  In  addition,  the  total  duration  and  number  of  swallows  for  a 3oz  thin  liquid, 
average  penetration-aspiration  (P-A)  scores  of  different  bolus  sizes  and  consistencies,  and 
scores  in  the  swallowing  quality  of  life  questionnaire  (SWAL-QOL)  were  included. 

EMST  resulted  in  significant  improvements  in  most  pulmonary  function  measures 
(MEP,  FEV1,  MEF.  not  FEV1/FVC).  only  cough  inspiratory  phase  duration,  and  hyoid 
elevation  displacement  ratio  and  P-A  scores  during  swallowing.  Antiparkinsonian 
medications  did  not  alter  any  of  the  pulmonary  function  measures  but  negatively  affected 
the  cough  inspiratory  phase  duration  and  peak  expiratory  flow.  Males  significantly 
outperformed  females  in  most  pulmonary  (except  FEV1/FVC)  and  cough  (except 
compression  phase  duration)  measures  and  the  total  SWAL-QOL  score.  Females,  on  the 
other  hand,  significantly  outperformed  males  in  the  measure  of  hyoid  anterior  movement 
displacement  ratio  during  swallowing. 

This  study  was  the  first  step  towards  exploring  the  efficacy  of  EMST  in  patients 
with  IPD.  The  lack  of  medication  effect  could  lend  support  to  the  potential  of  non- 
dopamincrgic,  in  addition  to  dopaminergic,  pathways  involvement  in  the  pathogeneses  of 
respiratory  and  cough  difficulties  in  patients  with  IPD,  These  interactions  are  complex 
and  require  careful  examination  of  their  effects  on  the  functions  investigated  in  the 
current  study. 


CHAPTER  1 

1NR0DUCTI0N  AND  LITERATURE  REVIEW 
Parkinson's  Disease:  Definition  and  Classifications 
Parkinsonism  refers  to  a general  syndrome  of  movement,  psychiatric,  and/or 
cognitive  disorders  caused  by  the  loss  of  dopaminergic  neurons  in  the  basal  ganglia  and 
brainstem  (Comford.  Chang,  & Miller,  1995;  Marsden,  1994).  Based  on  Ihcir  presumed 
elioiogy  and  clinical  presentation,  three  general  subtypes  of  Parkinsonism  have  been 
identified  to  include  primary  or  idiopathic  Parkinson's  disease  (previously  known  as 
"paralysis  agitans"),  secondary  Parkinsonism  (has  an  identifiable  causal  agent  such  as 
toxins,  drugs,  or  infections),  and  multiple  heterogeneous  system  degeneration  (Hoehn  & 
Yahr,  1967;  Marttila,  1983).  Primary  or  idiopathic  Parkinson's  disease  (1PD),  the  focus 
of  this  project,  is  the  type  of  Parkinsonism  with  no  identifiable  pathology  that  can  be 
considered  as  its  ctiologic  factor.  Recently,  three  different  phenotypic  forms  of  IPD  have 
been  suggested.  These  phenotypes  include  tremor  predominant,  akinetic  rigid,  and 
postural  instability/gait  problems  (Olanow  & Roller,  1998, 2001).  IPD  can  be  further 
classified  based  on  the  level  of  disability  into  one  of  five  stages  using  an  arbitrary  scale 
(Hoehn  & Yahr.  1967).  This  placement  relates  the  patient's  level  of  involvement  to  the 
impairment  in  their  balance  (or  righting  reflexes).  It  ranges  from  unilateral  involvement 
(stage  I),  to  stage  V defined  as  the  most  severe  level  of  clinical  disability  of  confinement 
to  bed  or  wheelchair  (Table  1-1). 


Table  1-1:  Modified  Hoehn  & Yahr  Clinical  Severity  Stages. 


Clinical  Severity 


Mild  bilateral  disease,  with  recovery  on  pull  lest. 


Mild  to  moderate  bilateral  disease:  some  postural  instability;  physically  independent. 


Severe  disability;  still  able  to  walk  or  stand  unassisted. 


IPD  results  from  the  progressive  ncurodegencration  of  the  dopamine  producing  cells 
in  the  brainstem  (DeLong,  1990;  Martlila.  1983).  Movement  abnormalities  dominate  the 
signs  and  symptoms  associated  with  IPD  and  include  tremor,  rigidity,  brndykinesia 
(movement  slowness),  hypokinesia  (movement  reduction),  akinesia  (movement  absence), 
and  impaired  postural  reflexes  (Marsdcn,  1994).  These  symptoms  can  affect,  with 
variable  degrees,  many  of  the  physiological  functions  under  muscular  control  (e.g„ 
walking,  respiration,  cough,  swallowing).  Consequently,  various  difficulties  in 
respiration,  cough,  and  swallow  arc  frequently  present  in  patients  with  IPD. 

Respiratory  Dysfunction  in  Patients  with  IPD 
Respiratory  dysfunction  is  frequently  reported  as  a common  comorbidity  among 
patients  with  IPD  (Gorcll,  Johnson.  & Rybicki,  1994;  Schiermeicr.  Schafer.  Schafer, 
Greulich,  & Schlafke.  2001;  Shill  & Stacy,  1998).  In  addition,  aspiration  pneumonia,  a 
known  respiratory  complication,  has  the  highest  mortality  risk  ratio  among  all 
comorbidities  in  patients  with  IPD  (Fernandez  & Lapane,  2002;  Hochn  & Yahr,  1967; 
Pepper  & Goldstein,  1999;  Singer,  1992).  These  respiratory  impairments  include  reduced 
vital  capacity  (Dc  La  Torre.  Mier,  & Bosches,  1960;  Izquierdo- Alonso,  Jimencz-Jimcnez. 
Cabrera-Valdivia,  & Mansiila-Lesmes,  1994;  Neu,  Connolly,  Schwcrtley,  Ladwig,  & 
Brody,  1967),  lower  than  normal  values  for  maximal  flow  values  (Hovestadt,  Boggaard, 
Meerwnidt,  Meche,  & Stigt,  1989;  Izquicrdo-Alonso  et  al„  1994;  Neu  et  al.,  1967),  and 
abnormal  pattern  of  the  flow-volume  curve  (Hovestadt  et  al.,  1989;  Izquierdo- Alonso  et 
al.,  1994;  Vincken,  Gauthier,  Dolfiiss,  Hanson,  Darauay,  & Cosion,  1984).  The  cause  for 
this  respiratory  dysfunction  remains  unclear  and  has  been  attributed  to  many  factors 
including  an  obstructive  disease  that  is  caused  by  or  coexists  with  IPD.  In  fact,  Obenour 


and  colleagues  ( 1972)  comended  thal  expiratory  flow  obslraclion  in  patients  with  PD  is 
caused  by  a coexisting  chronic  lung  disease  with  increased  airway  resistance  or  decreased 
lung  elastic  recoil  (Obcnour.  Stevens,  Cohen,  & McCulchcn,  1972).  However,  Neu  and 
colleagues  (1967)  found  evidence  that  this  obstructive  nature  was  consistent  with  the 
ncurom"“->i|nr  dysfunction  found  in  PD  and  attributed  the  expiratory  flow  obstruction  to 
the  mechanisms  of  adiadochokinesis,  rigidity,  or  parasympathetic  hyperactivity  as  they 
affect  the  respiratory  muscles  (Neu  ct  al..  1967). 

Although  an  airway  obstntetion  is  a widely  accepted  explanation  for  the  commonly 
observed  respiratory  dysfunction  in  patients  with  IPD,  another  theory  cannot  be  ignored. 
Karvonen.  Saarclainen,  and  Nieminen  (1994)  contended  thal  the  apparent  upper  airway 
obstruction  in  neuromuscular  diseases  might  be  an  erroneous  interpretation  of  underlying 
weak  expiratory  muscles.  This  weakness  in  expiratory  muscles  can  lead  to  reduced 
maximal  expiratory  pressure  and  peak  expiratory  flow  rate  values  as  well  as  an  increased 
residual  volume  value.  This  collection  of  signs  often  misleads  to  the  erroneous 
interpretation  of  an  airway  obstruction  although  the  resistance  to  air  flow  and  the  specific 
conduction  are  generally  normal. 

Both  maximum  expiratory  (MEP)  and  inspiratory  (M1P)  pressures,  known  indices  of 
expiratory  and  inspiratory  muscle  strength,  have  been  found  to  be  reduced  in  patients 
with  IPD  when  compared  to  reference  values  (Bogaard,  Hovestadt,  Mecrwaidt,  Meche,  & 
Stigl.  1989;  Dc  Bruin.  De  Bruin.  Lees.  & Pride,  1993;  Hovestadt  ct  al..  1989;  Weiner, 
Inzclberg,  Davidovich,  Nisipeanu,  Magadle.  Berar-Ynnay.  & Carasoo.  2002).  In 
addition,  Bogaard  and  colleagues  (1989)  found  worse  values  of  MEPs  and  MIPS  in 
patients  with  IPD  with  increased  clinical  severity.  However,  Tzelepis  and  colleagues 


reported  MIP  values  in  a milder  group  of  patients  with  IPD  that  are  comparable  to  age- 
matched  controls  (Tzclcpis,  McCool,  Friedman.  & Hoppin,  1988). 

The  respiratory  muscles  are  involved  in  other  behaviors  which  serve  minor,  or  no 
ventilatory  function  such  as  coughing,  sneezing,  vomiting,  swallowing,  and  speaking. 
The  reduced  respiratory  muscle  strength  in  patients  with  IPD  might  cause  some  serious 
consequences  to  these  non-ventilatory  functions.  Therefore,  the  activities  of  the 
respiratory  muscles  amid  performing  these  behaviors  as  well  as  the  possible  effects  of 
their  rehabilitation  are  worth  exploring.  Thus,  improving  the  strength  of  the  respiratoiy 
muscle  has  the  potential  to  improve  ventilatory  and  non-ventilatory  functions. 
Nonetheless,  some  of  these  behaviors  are  more  relevant  to  the  purpose  of  this  study  than 
others.  Accordingly,  the  activities  of  the  respiratory  muscles  during  coughing  and 
swallowing,  the  effects  of  IPD  on  these  functions,  and  their  rehabilitative  potential  will 
be  discussed. 

Cough:  Physiology  and  Respiratory  Muscle  Activity 
Cough  is  a protective  airway  reflex  in  which  an  attempt  is  made  to  remove 
substances  from  the  upper  (larynx)  or  lower  (trachea  and  bronchi)  airways  using  high 
airflow  velocities  generated  by  forced  expiration  (Shannon.  Bolser,  & Lindsey,  1997). 
The  reflexive  nature  of  this  behavior  indicates  the  presence  of  sensory  stimuli  that  can 
elicit  (through  neural  connections)  rapid  motor  responses.  The  stimulation  of  some 
receptors,  therefore,  is  carried  through  sensory  neurons,  whose  excitation  incurs  the 
activation  of  motor  neurons  resulting  in  the  production  of  cough.  The  motor  pattern  of 
each  cough  consists  of  three  consecutive  phases  (see  Figure  1-1);  inspiration, 


Figure  1-!:  A cough  airflow  waveform. 
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compression,  and  expulsion  (Leith,  Butler,  Shcddon,  & Brain,  1986).  The  activity  of  the 
respiratory  muscles  during  each  of  these  phases  is  complex  and  requires  a control 
mechanism  for  the  commencement  and  termination  of  the  cough. 

During  the  inspiratory  phase  of  the  cough,  inspiratory  muscles  and  vocal  fold 
abductors  simultaneously  contract.  The  contraction  of  the  inspiratory  muscles  continues 
in  the  next  phase  (compression),  but  they  are  combined  with  the  contraction  of  the 
abdominal  expiratory  muscles  and  the  laryngeal  adductor  muscles  (and  relaxation  of  the 
abductors).  Finally,  expulsion  results  from  opening  the  glottis  (by  relaxing  the  adductors 
and  contracting  the  abductors);  that  is  followed  by  the  termination  of  inspiratory  muscle 
activities,  with  the  persistent  activity  of  the  abdominal  expiratory  muscles  resulting  in  the 
defining  high  airflow  velocity  of  the  cough  (Shannon  ct  al„  1997). 

The  reflexive  pattern  of  each  cough  is  initiated  by  stimulating  sensory  receptors  of 
the  larynx,  trachea,  or  bronchi.  Two  kinds  of  receptors  have  been  associated  with  the 
stimulation  of  cough;  rapidly  adapting  receptors  (RAR)  and  pulmonary  stretch  receptors. 
Both  of  these  kinds  arc  present  in  the  trachea  and  bronchi,  whereas  only  RAR  are  present 
in  the  larynx  (Coleridge  & Coleridge,  1994;  Karlsson,  Sant'  Ambrogio,  & Widdiccombc, 
1988).  C-fibcr  afferents  carry  these  stimulations  from  the  larynx  (through  the  internal 
superior  laryngeal  nerve;  SLN),  trachea  and  bronchi  (through  vagal  afferents)  to  the 
caudal  nucleus  tractus  solitarius  (NTS),  which  projects  to  central  respiratory  areas  in  the 
brainstem  (including  DRG,  cVRG,  and  rVRG)  to  potentially  alter  their  activation. 

Swallowing:  Physiology  and  Neural  Control 
Swallowing  is  another  non-ventilatory  function  that  the  respiratory  muscles  are 
involved  in.  It  refers  to  "the  entire  act  of  deglutition  from  placement  of  food  in  the  mouth 


through  the  oral,  pharyngeal,  and  esophageal  stages  of  the  swallow  until  the  material 
enters  the  stomach  through  the  gastroesophageal  junction"  (Logemann.  1998.  p.  3). 
Physiologically,  a swallow  could  be  divided  into  four  phases;  oral  preparatory,  oral, 
pharyngeal,  and  esophageal.  Although  some  variations  exist  between  different  swallows, 
the  smooth  sequential  transition  of  the  bolus  among  these  phases  is  critical  for  its  safe 
delivery  to  the  stomach.  This  smooth  transition  is  provided  by  an  intricate  neuromuscular 
control  system  that  controls  and  coordinates  the  activities  of  different  muscles  involved  in 
each  of  the  swallowing  phases.  Understanding  the  physiological  objectives  of  each  phase 
and  the  neuromuscular  mechanism  involved  in  each  of  them  is  crucial  for  appreciating 
the  physiologic  and  neuromuscular  coordination  that  occurs  between  the  two  vital  acts  of 
swallowing  and  respiration. 

The  oral  preparatory  phase  of  the  swallow  "prepares"  the  material  placed  into  the 
oral  cavity  by  transforming  it  to  a consistency  ready  for  swallowing.  The  oral 
preparatory  phase  of  swallowing  starts  with  recognizing  the  material  approaching  or 
laying  in  the  oral  cavity  as  food  and  the  sensory  perception  of  its  volume  and  viscosity. 
Various  mantpulatrons  of  the  food  take  place  in  this  phase  (including  mastication),  with 
the  end  result  of  collecting  and  holding  the  food  into  a cohesive,  or  semicohesive,  bolus 
of  a size  ready  to  be  propelled  posteriorly  (Logemann.  1998).  During  these 
manipulations,  constant  peripheral  sensory  feedback  is  necessary  to  track  the  location  and 
readiness  of  the  bolus  as  well  as  to  prevent  any  injuries  to  the  parts  of  the  oral  cavity 
(Lowe,  1980).  Throughout  this  phase,  the  respiratory  airway  is  open  and  breathing  is 
continued  through  the  nasal  cavity  (Logemann,  1998). 


During  the  oral  phase  of  swallowing,  the  bolus  is  propelled  backwards  by  the 
tongue.  This  is  achieved  by  the  tongue  midline  sequentially  squeezing  the  bolus  against 
the  hard  palate  (Kahrilas,  Lin,  Logemann,  Ergun,  & Facchini,  1993).  The  tongue  tip  and 
its  sides  participate  in  this  act  by  scaling  off  other  potential  outlets  for  the  bolus  by  tightly 
attaching  to  the  alveolar  ridge.  The  pressure  the  longue  applies  to  the  bolus  to  propel  it 
posteriorly  depends  on  its  viscosity,  with  thicker  food  requiring  more  pressure  (Reimeis- 
Neils,  Logemann,  & Lanson,  1994).  The  respiratory  airways  remain  open  during  the  oral 
phase  of  swallowing,  allowing  for  nasal  breathing  to  take  place.  When  the  bolus  head 
reaches  an  arbitrary  point  where  the  mandible  crosses  the  tongue  base,  it  activates 
receptors  (especially  deep  proprioceptive)  at  the  base  of  the  longue  and  the  oropharynx. 
These  activations  are  carried  to  the  brainstem  (especially,  nucleus  tractus  solitarius  - 
NTS)  and  cortex  via  the  VII,  IX,  X,  and  XI  cranial  nerve.  The  NTS  passes  this  activation 
onto  the  nucleus  ambiguous,  which  coordinates  the  termination  of  the  oral  phase  of 
swallowing  and  the  initiation  (triggering)  of  the  pharyngeal  swallow  pattern  in  a smooth 
manner  that  no  pausing  of  the  posterior  bolus  movement  is  observed.  To  do  this,  the 
nucleus  ambiguous  relics  on  a pool  of  cranial  motor  neurons  that  includes  the  V,  VII,  IX, 
X,  and  Xll  crania]  nerves  (Logemann,  1998). 

When  the  pharyngeal  swallow  is  triggered,  a pattern  of  movement  of  several  oral, 
pharyngeal  and  laryngeal  structures  takes  place.  This  pattern  is  characterized  by  the 
closure  of  the  velopharyngeal  port  by  the  superior  and  posterior  movement  of  the  velum, 
the  upward  and  forward  movement  of  the  hyoid  bone  and  the  larynx,  contributing  to  the 
airway  entrance  closure  and  the  cricopharyngeal  muscle  opening  (respectively),  the 
closure  of  the  larynx  by  the  sequential  closure  of  the  true  vocal  folds,  the  laryngeal 


vestibule  (by  inferior,  anterior,  and  medial  movement  of  the  arytenoid  cartilages,  and  the 
laryngeal  elevation  and  anterior  movement),  and  the  epiglottis.  The  pharyngeal  swallow 
also  includes  movements  that  result  in  the  opening  of  the  upper  esophageal  sphincter  (i,e„ 
cricopharyngeal  sphincter),  and  delivering  the  bolus  into  the  pharynx  and,  ultimately,  into 
the  esophagus.  This  action  involves  sliding  the  bolus  over  a ramp-shaped  tongue  base 
followed  by  the  propulsion  of  the  bolus  into  the  esophagus  by  the  simultaneous  action  of 
tongue  base  retraction  and  progressive  contraction  of  the  pharyngeal  wall.  The 
cricopharyngeal  opening  is  achieved  by  a number  of  sequential  muscular  activities. 

These  activities  start  by  the  relaxation  of  the  cricopharyngeal  muscle,  followed  shortly 
(approximately  0. 1 seconds)  by  its  forceful  opening  as  a result  of  the  hyolaryngeal 
superior  and  anterior  movement.  The  passing  of  the  bolus  head  through  the  sphincter 
widens  its  opening  and  allows  for  the  bolus  to  pass  into  the  esophagus.  As  soon  as  the 
bolus  tail  clears  through  the  sphincter,  the  larynx  is  lowered  and  tension  in  the 
cricopharyngeal  muscle  is  restored.  Entering  the  esophagus,  the  bolus  is  pushed  down  by 
the  progressive,  sequential  contraction  (peristalsis)  of  the  esophageal  muscles  until  it 
reaches  the  lower  esophageal  sphincter,  which  opens  to  empty  the  bolus  into  the  stomach 
(Logcmann,  1998). 

A central  pattern  generator  (CPG)  for  the  rhythmic  and  sequential  production  of 
swallowing  has  been  established  (Carpenter,  1989;  Doty,  1968;  Jean,  1990)  to  control  the 
drive  of  the  motoneurons  involved.  The  CPG  neurons  are  concentrated  into  the  dorsal 
(thus  called  the  dorsal  swallowing  group;  DSG)  and  ventral  (thus  called  the  ventral 
swallowing  group;  VSG)  areas  of  the  medulla.  Swallowing  neurons  have  been  located  in 
the  dorsal  medulla  within  the  nucleus  fractus  solilarius  (NTS)  and  neighboring  reticular 


formation  and  in  the  ventrolateral  medulla  (VLM)  just  superior  to  the  nucleus  ambiguous 
(Jean  & Car,  1979;  Kessler  & Jean.  1985).  The  results  of  CPG  activities  are  carried  out 
through  a pool  of  motoneurons  including  the  trigeminal  (V),  facial  (VII), 
glossopharyngeal  (IX),  vagus  (X),  hypoglossal  (XU),  and  motoneurons  in  high  cervical 
levels  (Cl  - C3)  of  the  spinal  cord  (Carpenter,  1989;  Doty,  1968;  Miller.  1982). 

Some  level  of  functional  organization  exists  within  this  neural  network  (Jean,  Car, 
& Kessler,  1997).  According  to  the  contemporary  model  of  the  swallowing  neural 
control,  the  primary  sensory  relay  area  in  the  NTS  (i.e„  DSG)  is  involved,  nonetheless,  in 
the  generation  of  the  swallowing  motor  pattern  and  driving  the  neurons  of  the  VSG.  The 
VSG,  in  turn,  is  involved  in  the  dissemination  of  this  drive  to  the  motor  neurons  involved 
in  the  swallowing  act  (e.g.,  V,  VII,  IX,  X,  and  XII)  and  the  coordination  of  their  activities 
(Jean,  1990;  Jean  ct  al-  1997).  Due  to  its  intimate  relationship  with  the  motor  neurons, 
the  VSG  is  conceived  to  be  involved  in  the  switching  and  the  coordination  of  their 
activities  during  different  motor  behaviors  (e.g.,  swallowing,  respiration).  This  view  is 
supported  by  eicctrophysiologica!  (Amri  & Car,  1988;  Amri.  Car,  & Jean,  1984;  Amri, 
Car.  & Roman,  1990;  Ezure,  Oku,  & Tanaka,  1993),  lesioning  (Jean  & Car,  1979; 

Kessler  & Jean,  1985),  activity  recording  (Miller,  1982),  pattern  induction  (Bieger,  1991; 
Kessler  & Jean,  1991;  Kessler,  Chcrkaoui,  Cntalin,  & Jean,  1990),  and  activation  latency 
experiments  (Jean  & Car,  1979). 

Although  much  is  yet  to  be  learned  about  the  internal  mechanisms  of  the  CPG  in 
controlling  and  generating  the  swallowing  motor  pattern,  the  evidence  currently  available 
suggests  that  the  inherent  properties  of  the  neurons  in  this  network  and  their  interaction  to 
be  critical  in  shaping  the  overall  activities  of  the  CPG.  Jean  ( 1984)  suggested  the 


! Of  a neural  network  within  the  NTS  (DSG)  to  control  the  pnttem  of  neuronal 


firing.  This  internal  network  is  believed  to  be  formed  by  a chain  of  neurons  with  a 
roslrocaudal  organization,  in  which  the  proximal-distal  innervation  of  the  swallowing 
canal  is  controlled  respectively  by  neurons  in  the  rostrocaudal  axis  of  the  NTS  internal 
network.  Activation  of  neurons  in  the  rostral  end  of  this  chain  starts  the  sequential 
contraction  of  the  swallowing  muscles  by  successive  excitatory  synapses  with  other 
neurons  in  the  network.  Excitation  of  rostral  neurons  in  the  network  (controlling 
proximal  swallow  muscles)  also  results  in  the  unleash  of  a successive  inhibitory  pattern 
of  caudal  neurons  controlling  distal  swallowing  muscles.  This  internal  mechanism  of  the 
CPG  is  supported  by  the  findings  of  the  NTS  neurons  intrinsic  properties  (Grillncr, 
Wallen.  Dale,  Brodin,  Buchanan,  & Hill,  1987;  Tell  & Bradley,  1994;  Tell  & Jean,  1991. 
1993).  Specifically,  some  NTS  neurons  discharge  is  delayed  when  polarized  due  to  their 
possession  of  an  early  transient  outward  potassium  current  (Ika).  Some  other  NTS 
neurons  possess  low-threshold  activated  calcium  currents  (Itjcj)  involved  in  the  re- 
excitation  of  neurons  previously  inhibited  (postinhibitory  rebound).  In  addition, 
stimulation  of  NTS  neurons  with  NMDA  receptors  produces  a "pacemaker-like"  activity 
likely  to  be  involved  in  burst  generation  of  the  CPG  (Jean,  Car,  & Kessler,  1997). 

Swallowing  and  Respiration:  Functional  and  Neural  Interactions 
Swallowing  and  respiration  are  not  exclusively  reciprocal  physiological  acts.  In 
fact,  respiration  is  only  interrupted  during  the  pharyngeal  stage  of  the  swallow,  while  it  is 
maintained  in  the  other  swallowing  phases  (i.c.,  oral,  oral  preparatory,  and  esophageal). 
This  brief  interruption  of  the  breathing  mechanism  is  referred  to  as  the  apneic  period  and 
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reflects  the  closure  of  the  airway,  and  the  temporary  suspension  of  chest  wall  movement 
(Logemann,  1998). 

Swallowing  and  respiration  strongly  interact  both  functionally  and  centrally.  The 
occurrence  of  swallowing  in  a specific  phase  of  the  respiratory  cycle  is  species- 
dependent.  In  cats  and  humans,  swallowing  occurs  predominantly  during  expiration 
whereas  it  occurs  predominantly  during  inspiration  in  dogs,  rabbits,  and  monkeys  (Dick, 
Oku,  Romaniuk,  & Chcmiack,  1993:  Martin.  Logemann,  Shaker.  & Dodds,  1994; 
Nishino,  Yonczawa,  & Honda.  1985).  Whether  swallowing  occurred  during  inspiration 
or  expiration,  no  significant  change  in  the  ventilation  level  is  observed  (Issa  & 

Porostocky,  1994),  Minor  differences,  however,  are  observed  in  the  duration  and  depth 
of  the  interrupted  respiratory  cycle.  If  swallowing  occurs  during  expiration,  the 
expiratory  phase  of  the  cycle  is  extended,  with  no  change  in  the  tidal  volume.  In  the  case 
of  swallowing  during  inspiration,  however,  the  inspiratory  phase  is  abruptly  terminated 
for  the  swallow  to  take  place.  This  is  followed  by  an  abbreviated  expiratory  phase. 
Swallowing  during  inspiration,  therefore,  results  in  a reduction  of  both  the  tidal  volume 
and  the  duration  of  the  respiratory  cycle.  In  either  case  (inspiratory  or  expiratory 
swallow),  an  increase  in  the  tidal  volume  of  the  breath  cycle  immediately  following  the 
swallow  is  observed  (Nishino  et  al.,  1985).  If  more  than  one  swallow  is  attempted  in  a 
sequence,  the  associated  breathing  pattern  depends  highly  on  the  swallow  rhythm  (regular 
or  irregular)  and  its  frequency.  Repeated  swallowing  (rhythmic  or  irrhythmic)  is 
associated  with  faster  and  deeper  post-swallow  breaths.  Irregular  swallowing  rhythm  is 
associated  with  a breathing  pattern  that  is  inconsistent  in  frequency  and  depth  (tidal 
volume).  When  slow  regular  repeated  swallows  are  attempted,  the  breathing  pattern 


remains  unchanged,  wilh  slow  regular  deep  brealhs  observed.  Faster  repeated  swallows 
arc  associated  with  faster  breathing  frequency  that  is  reduced  in  amplitude  (tidal  volume). 
Complete  suspension  of  the  respiratory  cycle  is  observed,  however,  when  very  fast 
regularly  repeated  swallows  are  produced  (Jean  el  al.,  1997).  In  addition,  there  is 
evidence  to  support  that  for  muscles  common  in  respiration  and  swallowing,  a shift  in 
their  swallowing  pattern  to  a respiratory  movement  pattern  is  observed  if  a respiratory 
distress  (c.g.,  asphyxia)  is  sensed  (Doty  & Bosma,  1956). 

Centrally,  evidence  exists  that  some  neurons  firing  during  respiration  are  also 
active  during  swallowing  (Sumi,  1963).  This  phenomenon  of  "neuron  flexibility"  (Doty, 
1968)  is  supported  by  the  findings  that  a common  pool  of  motoneurons  and  intemeurons 
exists  to  support  the  activities  of  the  respiratory/swallowing  muscles  during  both 
functions.  Common  motoneurons  whose  function  is  shared  between  the  two  functions 
include  the  IX.  X.  and  XI  cranial  nerves  (Larson,  Yajima.  & Ko,  1994;  Sumi,  1969).  The 
two  CPGs  for  the  two  functions  (i.e.,  respiration  and  swallowing)  probably  interact 
through  their  shared  intemeurons  (Geslreau,  Milano,  Bianchi,  & Grelol.  1996;  Kessler, 
1993;  Larson  et  al„  1994;  Oku,  Tanaka,  & Ezure.  1994;  Yajima  & Larson.  1993)  to 
generate  the  motor  pattern  (through  common  and  uncommon  motoneurons)  of  the 
function  at  hand.  This  view  is  supported  by  evidence  that  a cellular  basis  exists  for 
neurons  in  the  NTS  to  perform  multiple  tasks  (Tell  & Jean,  1991, 1993).  Depending  on 
their  inputs,  neurons  of  the  NTS  can  have  several  firing  patterns  (i.e.,  tonic,  rhythmic 
burst,  and  beating-like  firing),  suggesting  the  potential  of  their  involvement  in  multiple 
functions  (Dickinson  & Moulins,  1992;  Jean  et  al„  1997). 
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Effects  of  Bolus  Consistency  Variation  on  Swallow  Physiology 

quantitative  features  of  the  oral  and  pharyngeal  phases  of  swallowing.  Indeed,  increases 

(sEMG)  were  noted.  Specifically,  both  submental  (suprahyoid)  and  infrahyoid  sEMG 
recordings  were  reported  to  increase  in  amplitude  (Dantas  & Dodds.  1990;  Ding, 
Logcmann,  Larson,  & Rademakcr.  2003)  and  duration  (Ding  el  al..  2003)  with  increases 

were  also  repotted  as  a result  of  increases  in  consistency.  These  included  increases  in  the 
durations  of  the  oral  transit  time  (Dantas.  Kern.  Massey,  Dodds.  Kahrilas,  Brasseur. 
Cook.  & Lang.  1990).  base  of  the  tongue  contact  to  the  posterior  pharyngeal  wall 
(Lazarus.  Logemann.  Rademakcr.  Kahrilas.  Pajak.  Lazar.  & Helper.  1993),  pharyngeal 
transit  time  (Bulow,  Olsson.  & Ekberg.  2003;  Dantas  ct  al.,  1990).  pharyngeal  peristalsis 
(Dantas  et  al..  1990).  and  upper  esophageal  sphincter  opening  (Dantas  et  al.,  1990; 
Lazarus  et  al..  1993).  Finally,  increased  bolus  consistency  was  found  to  increase 
pharyngeal  retention  (Bulow  et  al..  2003)  and  reduce  penetration  and  aspiration  of  the 
airway  (Bulow  cl  al.,  2003;  Kuhlemeier,  Palmer,  & Rosenberg,  2001).  However,  bolus 
consistency  changes  did  not  alter  the  manometric  results  of  the  pharynx  or  the  upper 
esophageal  sphincter  (Meier-Ewcrt,  van  Herwaardcn,  Gideon,  Castell,  Achem,  & Castell, 
2001).  nor  did  it  alter  the  swallow-associated  breathing  pattern  (Preksaitis  & Mills. 


1996). 


i Swallow  Physiology 
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Effects  or  Bolus  Volume  Variation  on 

and  displacement  measures  of  swallowing  physiology,  as  well  as  its  effects  on  swallow 
muscle  activation  and  the  swallow-associated  breathing  pattern.  Increases  in  the  bolus 
volume  were  found  to  increase  the  temporal  measures  of  laryngeal  elevation  (Kahrilas  & 
Logcmann.  1993)  and  closure  (Lazarus  et  al..  1993).  as  well  as  the  temporal  measures  of 
opened  upper  esophageal  sphincter  (Damns  & Dodds,  1990;  Lazarus  et  al.,  1993;  Damns 
et  al.,  1990),  and  total  swallow  durations  (Kahrilas  & Logcmann,  1993),  while  they  were 
found  to  decrease  the  duration  of  the  base  of  the  tongue  contact  to  the  posterior 
pharyngeal  wall  (Lazarus  et  al..  1993).  However,  changes  in  bolus  volume  did  not 
change  the  temporal  measures  of  oral  transit  (Damns  & Dodds,  1990)  and  pharyngeal 
transit  (Dantas  & Dodds.  1990;  Kahrilas  et  al.,  1993).  Conflicting  results  were  reported 
for  the  effects  of  bolus  volume  variation  on  the  temporal  measures  of  hyoid  movement 
and  pharyngeal  response.  While  Kahrilas  and  Logemann  (1993)  observed  significant 
increase  of  hyoid  excursion  duration  with  increased  bolus  volume.  Dantas  and  Dodds, 
(1990)  showed  no  change  of  the  hyoid  movement  duration.  Similarly,  Bisch,  Logemann. 
Rademaker,  Kahrilas,  and  Lazarus  (1994)  repotted  significant  reductions  in  pharyngeal 
response  time  with  increased  bolus  volume  while  Lazarus  et  al.  (1993)  observed  no 
difference. 

hyoid  superior  and  anterior  movements  (Dodds,  Man,  Cook,  Kahrilas,  Stewart,  & Kern, 
1988)  as  well  as  increases  in  laryngeal  chamber  dimensions  (Kahrilas.  Lin.  Chen,  & 
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Logemann,  1996)  and  upper  esophageal  sphincter  opening  diameter  (Dantas  et  al.,  1990; 
Leonard,  Kendall.  McKenzie.  Goncalves.  & Walker,  2000).  Further,  increased  bolus 
volume  was  reported  to  cause  increased  pharyngeal  constriclion  (Leonard  ct  nl.,  2000). 

Resulls  of  sEMG  studies  of  the  effects  of  bolus  volume  variations  on  swallow 
muscle  activations  showed  increased  amplitudes  and  durations  of  submental  (suprahyoid) 
and  infrahyoid  recordings  with  increased  bolus  volume  (Danlas  & Dodds,  1990). 

However,  in  a recent  study  utilizing  contact  electromyography  Perlman  and  colleagues 
found  no  change  among  their  recordings  of  muscle  activations  during  swallowing  of 
different  bolus  volumes  (Perlman,  Palmer,  McCulloch,  & Vandaele,  1999).  Nonetheless, 
volume-dependent  changes  were  observed  for  the  temporal  relationships  of  muscle 
activations.  Indeed,  the  interval  between  the  onset  of  laryngeal  muscle  activity 
(thyroarytenoid  and  interarytenoid)  and  of  pharyngeal  muscle  firing  patterns  (superior 
pharyngeal  constrictor  onset  and  cricopharyngcus  offset)  decreased  as  bolus  volume 
increased  (Perlman  et  al.,  1999).  Finally,  the  effects  of  bolus  volume  on  swallow- 
associated  breathing  pattern  were  also  investigated.  Results  suggested  that  although  the 
swallow-respiratory  phase  relationship  was  unaltered  by  bolus  volume,  longer  apneic 
periods  and  swallow-associated  respiratory  cycle  were  observed  (Hiss,  Treole.  & Stuart, 
2001;  Preiksaitis,  Mayrand.  Robins,  & Diamant.  1992). 

Effects  of  IPD  on  Neuromuscular  Functions 
The  intricate,  sequential  pattern  of  muscle  movements  required  for  the  completion  of 
the  cough  and  swallow  functions  might  be  disrupted  in  patients  with  IPD  as  the 
neuromuscular  control  system  that  controls  and  coordinates  these  activities  might  be 
affected.  The  progressive  ncurodcgencralion  of  the  dopamine  producing  cells  in  the 


substantia  nigra,  a group  of  cells  in  the  brainstem,  in  patients  with  IPD  disturbs  the 
intricate  balance  in  the  basal  ganglia  motor  circuit.  The  behavioral  manifestations  of  this 
disturbance  may  be  explained  based  on  the  cumulative  effects  that  the  defective 
component  may  have  on  deregulating  the  cohesive  and  balanced  interaction  within  the 
circuit  components  as  well  as  their  interactions  with  other  neural  circuits  and  structures. 
According  to  Alexander,  DeLong,  and  Strick  ( 1986),  the  basal  ganglia  are  viewed  as  a 
family  of  functionally  segregated  circuits  that  originate  from  different  cortical  areas, 
projecting  to  separate  areas  of  the  basal  ganglia  and  thalamus.  Thalamic  efferents,  in 
turn,  terminate  on  the  same  areas  of  the  frontal  cortex  from  which  the  circuit  originated. 
At  least  five  such  basal  gangiia-thalamocortical  circuits  have  been  identified  to  run 
through  similar  areas  of  the  basal  ganglia  (i.e.,  striatum,  globus  pallidus,  and  substantia 
nigra  pars  reticulata),  yet  their  segregation  is  maintained  throughout  these  circuitry 
components.  These  five  basal  ganglia  circuits  include,  as  described  by  Alexander  et  al. 
(1986),  motor,  occulomotor,  dorsolateral  prefrontal,  lateral  orbitofrontal,  and  anterior 
cingulate  circuits  (see  Figure  1-2).  Of  these  circuits,  the  motor  circuit  has  probably 
received  the  most  attention  as  it  is  implicated  in  different  movement  (hypo-  and 
hyperkinetic)  disorders  including  Parkinson's  disease. 

In  its  contemporary  view,  the  basal  gangiia-thalamocortical  motor  circuit  (see  Figure 
1-3)  takes  origin  from  the  sensory  and  motor  areas  of  the  cortex  and  projects  to  the 
putamen  (the  motor  part  of  the  striatum).  The  circuit  also  includes  motor  areas  in  the 
globus  pallidus.  substantia  nigra,  and  thalamus  before  projecting  back  to  the  motor 
cortical  areas.  Two  pathways  organize  the  putaminal  output  to  direct  the  activity  of  the 


two  major  outputs  of  the  basal  ganglia  (i.c.,  substantia  nigra  pars  reticulata  and  globus 
pallidus  pars  interna).  Differences  between  the  pathways  arise  from  the  type  of  striatal 
dopaminergic  receptors  activated  (i.e.,  Dl  or  D2)  and  whether  or  not  the  putaminal- 
nigral/pallidal  connection  is  monosynaptic.  In  the  first  “direct"  pathway,  dopaminergic 
inputs  from  the  substantia  nigra  pars  compacta  (SNc)  induce  excitatory  response  of  the 
putaminal  DI  receptors,  whose  neurons  have  monosynaptic  GABAergic  (gamma 
ammobutync  acid)  inhibitory  projections  to  the  globus  pallidus  pars  interna  (GPi)  and  the 
substantia  nigra  pars  reticulata  (SNr).  On  the  other  hand,  nigral  dopaminergic  inputs  in 
the  "indirect"  pathway  induce  an  inhibitory  effect  on  D2  receptors  of  putaminal  neurons, 
which  project  (GABAergic  inhibitory)  to  the  external  segment  of  the  globus  pallidus 
(GPe).  The  GPe  has  direct  (GABAergic  inhibitory)  and  indirect  (via  the  subthalamic 
nucleus  ‘STN’)  projections  to  the  GPi  and  the  SNr.  The  GPe  also  projects  to  the  nucleus 
reticularis  of  the  thalamus  (NR).  The  connection  between  the  GPe  and  STN  is  reciprocal. 
All  pallida]  projections  arc  inhibitory  and  utilize  GABAergic  neurons.  The  projections  of 
the  STN,  on  the  other  hand,  are  excitatory  and  utilize  glutaminergic  neurons. 

The  GPi  and  SNr  project  to  different  areas  of  the  motor  thalamus  as  well  as  the 
midbrain  tegmentum  and  superior  colliculus.  All  of  GPi  and  SNr  projections  arc 
GABAergic  and  inhibitory  with  projections  from  the  GPi  supplying  the  ventralis  lateralis 
pars  oralis  (VLo)  and  ventralis  anterior  (VA)  areas  of  the  thalamus  which,  in  turn,  project 
to  the  supplementary  motor  area  (SMA)  and  premotor  area  of  the  cortex,  respectively,  to 
complete  the  basal  ganglia-thalamocortical  circuit.  Projections  from  the  SNr  supply  the 
ventralis  anterior  magnoccllularis  (VAmc)  area  of  the  thalamus,  which,  in  turn,  projects 
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Abbreviations:  GPc:  globus  pallidus,  external  segment;  SNc:  substantia  nigra,  pars 
compacta;  STN:  subthalamic  nucleus;  Gpi:  globus  pallidu,  internal  segment;  SNr: 
substantia  nigra,  pars  reticulata;  Rt:  Reticular  thalamic  nucleus;  PPN:  pedunculopo 
nucleus;  MEA:  midbrain  extrapyramida  area;  Ach:  acetylcholine;  glu:  glutamate; 
GABA:  gammaaminobutyric  acid;  enk:  enkephalin:  subsl  P.  substance  P;  DA: 
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to  the  prefrontal  cortex.  Both  the  thalamocortical  and  corticostriatal  projections  are 
glutamincrgic  and  excitatory. 

In  IPD,  dopamine  deprivation  of  neurons  in  the  putamen  affects  the  motor  circuit 
output  via  both  the  direct  and  indirect  pathways  to  the  GPi  and  SNr.  In  the  indirect 
pathway,  striatal  dopamine  deprivation  results  in  the  excessive  inhibition  of  the  GPe. 
Reduction  in  the  activity  of  the  GPe  releases  the  STN  from  its  inhibition.  The  STN,  in 
turn,  overly  excites  the  GPi/SNr  complex  to  inhibit  the  thalamocortical  excitatory 
connection.  In  addition,  the  GPi  and  SNr  are  released  from  striatal  inhibition  exerted  by 
the  direct  pathway  and  GPe  of  the  indirect  pathway.  The  consequent  extra  inhibition  of 
thalamocortical  and  brainstem  outputs  (i.e.,  pedunculopontine  nucleus  and  midbrain 
extrapyramidal  area)  has  been  suggested  to  account  for  the  motor  signs  associated  with 
IPD  (DeLong,  1990;  Vitek,  1997). 

These  changes  in  the  motor  circuit  behavior  con  affect  the  production  of  movement 
necessary  for  respiration,  cough  and  swallow.  In  general.  IPD  can  affect  movement 
production  by  causing  difficulties  in  advance  programming  and  accessing  of  movement 
programs  (Bcradelli,  Rothwell,  Thompson,  & Hallctt,  2001),  changes  in  motor  unit 
recruitment  and  behavior  (Glendinning  & Enoka,  1994),  reductions  in  the  net  muscular 
force  generated  (Corcos,  Chen,  Quinn,  McAuley,  & Rothwell,  1996),  and  impairments  in 
the  coordination  within  muscle  groups  (Johnson,  Kipnis,  Lee,  Loewenson,  & Ebncr, 
1991).  These  resultant  changes  cun  have  serious  sequelae  for  the  functions  of  cough  and 


swallow. 


Cough  in  patients  with  IPD 


Cough  in  patients  with  IPD  was  investigated  by  two  groups  of  researchers. 
Involvement  of  both  the  sensory  and  motor  component  of  coughing  was  reported. 
Fontana.  Pantaleo.  Lavorini.  Benvenuti,  and  Gangemi  (1998)  found  reduced 
electromyographic  (EMG)  activities  of  the  abdominal  muscles  during  voluntary  and 
reflexive  cough  in  patients  with  IPD  as  compared  to  controls.  In  addition,  patients 
exhibited  lower  rate  of  rise  of  abdominal  EMG  activities.  They  concluded  that  a central 
neural  mechanism  might  have  caused  the  noted  impairments  in  the  processes  of  motor 
unit  recruitment  and  the  increase  in  frequency  discharge.  Ebihara  ct  al.  (2003),  on  the 
other  hand,  suggested  that  while  patients  in  the  "early"  (Hochn  & Yahr  II-III)  stages  of 
IPD  exhibit  motoric  impairments  in  cough  production,  patients  in  the  "advanced"  (Hochn 
& Yahr  IV-V)  stages  suffer  impairments  in  both  the  motoric  and  sensory  component. 

The  effect  of  Parkinsonian  medications  on  cough  function  was  not  investigated  by  either 
group  and  remains  to  be  determined. 

Swallowing  in  patients  with  IPD 

Swallowing  disorders  (dysphagias)  are  a known  complication  of  IPD  with  their 
presence  reported  in  as  high  as  95%  of  patients  (Caine,  Shaw,  Spiers,  & Stem,  1970; 
Eadie  & Tyrcr,  1965a;  Logemann,  Blonsky,  & Boshes,  1975;  Silbiger,  Pikielncy,  & 
Donner,  1967).  Impairments  in  all  phases  of  the  swallowing  process  (oral  preparatory, 
oral  transit,  pharyngeal,  and  esophageal  phases)  have  been  reported  in  patients  with  IPD 
(Logemann,  1998).  These  impairments  arc  usually  complex  and  may  be  the  result  of 
changes  in  both  striated  muscles  (under  dopaminergic  control)  and  smooth  muscles 
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(under  aulonomic  control)  of  the  alimentary  tract  (Licberman,  Horowitz,  Redmond, 
Pachter,  Licberman.  & Leibowitz,  1980;  Morrell,  1992). 

Dysphagia,  in  general,  may  cause  the  life-threatening  condition  of  aspiration 
pneumonia.  Aspiration  pneumonia,  a known  respiratory  complication,  is  reported  as  the 
leading  cause  of  death  in  patients  with  PD  (Fernandez  & Lapanc.  2002;  Gorell  et  al„ 
1994;  Hoehn  & Yahr,  1967;  Schicrmeieret  al„  2001;  Shill  & Stacy,  1998;  Singer,  1992). 
Robbins,  Logemann,  and  Krishncr  (1986)  attributed  aspiration  pneumonia  in  patients 
with  PD  to  the  impaired  muscular  control  of  oral,  pharyngeal,  and  laryngeal  structures 
leading  to  disorders  of  oral  and  pharyngeal  phases  of  swallowing. 

The  oral  preparatory  phase  of  swallowing  in  patients  with  IPD  is  reported  to  be 
delayed  and  inefficient  with  deficient  mastication  (Athlin,  Norberg,  Axclsson,  Moller,  & 
Nordstrom,  1989;  Bushmann.  Bomeyer,  Leeker,  & Perlmulter,  1989;  Donner  & Silbigcr, 
1966;  Eadie  & Tyrer.  1965b;  Karlsson.  Persson,  & Johncls,  1992,  Leopold  & Kagel, 
1996),  impaired  lingual  mobility  (Blonsky,  Logemann,  Boshes,  & Fisher,  1975; 
Bushmann  ct  al..  1989,  Leopold  & Kagel,  1996;  Robbins,  Logemann.  & Kirschner, 

1986),  and  slow  and  limited  mandibular  excursion  (Caine  et  al„  1970;  Karlsson  et  al„ 
1992;  Leopold  & Kagel.  19%).  Leopold  and  Kagel  (1996)  also  found  mastication  lobe 
hesitant  with  absence  of  the  normal  rotary  movements. 

The  oral  transit  stage  of  swallowing  is  also  impaired  and  is  characterized  as  slow 
(Blonsky  ct  al„  1975)  with  repetitive  lingual  pumping  (Bushmann  et  al„  1989;  Robbins  et 
al„  1986),  hesitancy  in  initiating  the  swallow  (Bushmann  ct  al„  1989),  and  piecemeal 
deglutition  (Blonsky  et  al.,  1975;  Bushmann  ct  al.,  1989,  Leopold  & Kagel,  19%; 
Robbins  et  a!„  1986).  Blonsky  et  al.  (1975)  explained  this  lingual  pumping  activity  as 
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failed  atlempts  to  propel  the  bolus  due  to  a blockage  of  the  normal  bolus  trajectory  as  a 

observed  in  some  patients  with  IPD  prior  to  oral  transit  initiation  (Leopold  & Kagcl, 
1996). 

in  patients  with  IPD.  A group  of  researchers,  Caine  et  al.  (1970),  reported  little  or  no 
involvement  of  this  stage.  In  addition,  the  findings  of  Nagaya.  Kachi,  Yamada,  and  Igata 
(1998)  suggested  that  the  movement  durations  of  pharyngeal  structures  in  patients  with 
IPD  arc  comparable  to  those  of  elderly  control  subjects.  Nonetheless,  most  investigators 
report  significant  impairments  in  this  stage  including  delayed  contraction,  reduced  force 

vertical  laryngeal  elevation,  and  laryngeal  aspiration  (Bird,  Woodward,  Gibson,  Phyland, 
& Fonda.  1994;  Bushman  et  al„  1989;  Leopold  & Kagel,  1997;  Robbins  et  al„  1986). 
Furthermore,  deficient  epiglottic  positioning  and  range  of  motion,  cricopharyngeus  and 
pharyngeal  constrictor  dysfunction  were  all  observed  in  patients  with  IPD  (Leopold  & 
Kagel,  1997). 

Esophageal  abnormalities  are  also  common  among  patients  with  IPD  and  include 
inefficient  primary  esophageal  peristalsis  resulting  in  delayed  bolus  transport  and 
elicitation  of  tertiary  contractions  (Bassotti  et  al.,  1998;  Castell  el  al.,  2001;  Leopold  & 
Kagel,  1997).  Delayed  opening  of  the  lower  esophageal  sphincter  (LES)  and 
gastroesophageal  reflux  was  reported  in  most  patients  with  IPD  (Leopold  & Kagcl. 


1997). 
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Many  underlying  mechanisms  have  been  proposed  lo  account  for  these  swallowing 
difficulties.  Difficulties  of  the  volitional  oral  stage  have  been  attributed  to  bradykinesia 
or  rigidity  of  the  lingual  (Athlin,  et  al,  1989;  Lieberman  et  ah,  1980;  Morrell,  1992),  velar 
(Robbins  et  ah,  1986),  and  mandibular  (Karisson  et  ah,  1992;  Leopold  & Kagel,  1996) 
musculature.  Presence  of  cellular  pathologies  (i.e.,  Lewy  bodies)  in  some  brainstem 
nuclei  including  the  dorsal  motor  nucleus  of  the  vagus  and  the  medullary  reticular 
formation  (Den  Hartog  Jager  & Bcihlem,  1960;  Fomo.  1981)  was  speculated  to 
contribute  for  impairments  in  the  pharyngeal  (Robbins  et  ah,  1986)  and  esophageal 
(Eadie  & Tyrcr,  1965b)  stages  of  swallowing  in  patients  with  1PD.  In  addition,  deficits  in 
the  way  the  basal  ganglia  influence  sensory  components  of  the  trigeminal  system  were 
also  suggested  for  sensorimotor  abnormalities  of  oropharyngeal  swallowing 
(Labuszewski  & Lidsky,  1979).  In  essence,  the  gating  effects  of  the  basal  ganglia  on  the 
trigeminal  sensory  inputs  are  under-activated,  and  sensory  signals  have  limited  access  to 
effector  motor  regions  (Schneider,  Diamond.  & Markham,  1986).  Difficulties  of  the  non- 
volitional  pharyngeal  stage  have  also  been  attributed  to  delayed  activation  of  nuclei  in  the 
lower  brainstem  (Robbins  el  ah,  1986). 

Interventions  for  Functional  Rehabilitation  in  Patients  with  IPD 
These  sequelae  of  IPD  on  the  functions  of  respiration,  cough,  and  swallow  are 
serious  and  warrant  the  quest  for  physiologically  valid  and  efficacious  interventions.  In 
general,  both  pharmacological  and  behavioral  interventions  can  be  postulated  for  the 
treatment  of  these  functions.  Conceivably,  pharmacological  treatments  can  restore  the 
level  of  dopamine  (DA)  in  the  basal  ganglia  whereas  behavioral  interventions  attempt  to 
regain  or  compensate  for  the  impaired  functions. 
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Pharmacological  treatments  aim  to  cither  enhance  (DA  agonists)  or  replace 
(Levodopa)  the  diminishing  amounts  of  DA  in  the  brains  of  patients  with  IPD.  Other 
medications  are  used  to  block  dopamine  metabolism,  including  catechol-O-methyl 
transferase  (COMT)  and  monoamine  oxidase-B  (MAO-B)  inhibitors,  or  its  re-uptake 
(amantadine)  (Caine,  1994;  Tolosa  & Valldcorioln,  1994).  Several  studies  investigated 
the  effects  that  pharmacological  treatments  have  on  the  functions  of  respiration  and 
swallowing  in  patients  with  IPD.  To  dale,  however,  no  studies  have  investigated  the 
effects  of  these  medications  on  the  impaired  cough  function  in  patients  with  IPD. 

Physiological  Mechanisms  for  Improved  Motor  System  Function  with 
Pharmacological  Interventions  in  IPD 

Antiparkinsonian  medications  con.  conceivably,  improve  movement  production  in 
patients  with  IPD  by  improving  its  programming  and  execution  levels.  Execution  of 
voluntary  muscular  contractions  was  associated  with  coitically  initiated  rhythmic 
activities  (Brown.  1997;  McAulcy,  Rothwell,  & Marsden.  1997;  Halliday,  Conway, 
Farmer,  & Rosenberg,  1998).  These  rhythmic  activities  of  the  motor  cortex  were  found 
to  be  reduced  in  patients  with  IPD  (Brown.  1997;  Brown,  Salenius,  Rothwell,  & Hari, 
1998).  In  a recent  study,  Salenius  and  colleagues  showed  that  levodopa  restored  these 
rhythmic  activities  in  the  motor  cortex  (Salenius,  Avikainien,  Kaakkola,  Hari,  & Brown, 
2002).  Specifically,  they  showed  that  levodopa  shifts  the  motor  cortex  synchronizd 
activities  to  a more  efficient  pattern  to  recruit  motor  units.  At  the  programming  level,  a 
recent  study  used  electrophysiological  and  behavioral  patterns  to  demonstrate  that 
administration  of  antiparkinsonian  medications  restores  the  programming-related 
activities  in  the  brains  of  patients  with  IPD  (Fattapposta,  Picrclli,  My,  Mostarda,  Del 
Monte,  Parisi,  Serrao,  Morocutti,  & Amabile,  2002). 


Effects  of  Pharmacological  Interventions  in  IPD  on  Pulmonary  Function 
The  effects  of  antiparkinsonian  medications  on  the  pulmonary  function  of  patients 
with  IPD  are  still  unclear.  Conflicting  results  dominate  the  studies  reported  thus  far. 
While  Obenour  et  al.  (1972)  failed  to  detect  a respiratory  function  improvement 
following  levodopa  treatment.  Nakano  and  colleagues  found  significant  improvement  of 
respiratory  function  following  levodopa  administration  as  compared  to  placebo  (Nakano, 
Bass.&Tyler,  1972).  In  addition,  Vinckcn, Darauay,  and Cosio (1989)  reported 
reversibility  of  a pattern  of  UAO  following  levodopa  intake  as  demonstrated  by  a 
sequence  of  flow-volume  curves  in  a single  subject  with  IPD.  Finally,  administration  of  a 
dopamine  agonist  (i.c„  apomorphine)  was  reported  to  result  in  improvements  of 
respiratory  function  in  patients  with  IPD  (De  Bruin  et  al.,  1993).  Specifically,  studies 
found  improvements  in  peak  expiratory  flow  (PEF;  Nakano  et  a!„  1972;  Hcrer,  Amulf.  & 
Housset,  2001),  forced  expiratory  volume  in  the  first  second  (FEV 1 ; Nakano  el  al„  1972; 
Herer  etal- 2001),  forced  vital  capacity  (FVC;  Nakano  etal.,  1972),  and  total  lung 
capacity  (Nakano  et  al.,  1972)  following  levodopa  treatment. 

Effects  of  Pharmacological  Interventions  in  IPD  on  Respiratory  Muscle  Strength 
The  effects  of  antiparkinsonian  medications  on  the  maximum  expiratory  and 
inspiratory  pressures  (MEP  and  MIP,  respectively)  of  patients  with  IPD  were  reported 
only  by  two  studies;  one  investigated  the  effect  of  levodopa  intake  (Weiner  et  al.,  2002) 
and  the  other  investigated  the  effect  of  dopamine  agonist  (apomorphine)  intake  (Dc  Bruin 
et  al„  1993).  While  a nonsignificant  trend  toward  an  increase  of  MEP  and  MIP  was 
found  by  Weiner  and  colleagues  following  levodopa  intake,  De  Bruin  and  his  colleagues 


l of  MEP  following  apomorphine  intake. 
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Effects  of  Pharmacological  Interventions  in  IPD  on  Swallow  Function 
Marked  relief  with  levodopa  of  the  cardinal  motor  signs  of  the  limbs  in  patients  with 
IPD  is  not  associated  with  a similar  trend  of  the  swallowing  symptoms.  Some  anecdotal 
reports  allude  to  improvements  of  swallowing  abnormalities  in  a minority  of  their 
patients  (Cooley  & Donncr,  1966;  Cotzias.  Papavasiliou.  & Gellene.  1969;  Paulson  & 
Tafratc,  1970).  Several  studies,  however,  evaluated  the  effects  of  levodopa  on 
swallowing  abnormalities  in  patienls  with  IPD.  Caine  and  colleagues  failed  to  find  a 
positive  effect  of  levodopa  on  the  dysphagia  of  patients  with  IPD  (Caine  et  al„  1970).  In 
contrast,  Bushmann  and  colleagues  showed  that  levodopa  improves  some  aspects  of 
pharyngeal  function  in  40%  of  their  patients  (Bushmann  et  al.,  1989).  This  may  suggest 
the  involvement  of  non-dopaminergic  pathways,  in  addition  to  the  dopaminergic 
pathways,  in  the  pathogenesis  of  swallowing  abnormalities  observed  in  patients  with  IPD. 

One  of  the  purposes  of  this  project  was  to  investigate  the  effects  of  pharmacological 
treatment  on  the  respiratory  and  cough  functions  in  patients  with  IPD.  Conceivably, 
improvements  in  the  programming  and  execution  levels  of  the  movements  responsible  for 
respiration  and  cough  are  possible  following  exposure  to  antiparkinsonian  medications. 
Therefore,  a better  respiratory  and  cough  performance  can  be  expected  after 
antiparkinsonian  medication  intake  as  compared  to  before  their  intake. 

Behavioral  Interventions  for  Functional  Rehabilitation  in  IPD 
Attempts  to  improve  the  functions  impaired  in  IPD  utilizing  behavioral  treatments 
have  focused  on  either  achieving  or  compensating  for  the  function  lost.  Accordingly,  a 
symptomatic  approach  has  been  adopted  for  the  rehabilitation  of  patients  with  IPD  with 


varying  success  rate.  For  the  functions  of  respiration,  cough,  and  swallow,  rehabilitation 
efforts  are  yet  to  prove  their  efficacy. 

In  general,  respiratory  function  rehabilitation  has  focused  on  improving  the  strength, 
endurance,  and  efficiency  of  the  muscle  function  (KBseoglu  & Tomruk,  2001).  Early 
respiratory  strength  training  programs  (e.g.,  deep  breathing  exercises,  abdominal  muscle 
exercises,  and  abdominal  weights)  did  not  provide  an  adequate  load  to  the  respiratory 
muscles,  resulting  in  their  limitation  to  show  significant  gains  of  their  functional 
outcome.  Contemporary  respiratory  strength  training  programs  utilize  the  use  of  devices 
that  allow  targeting  of  specific  muscle  groups  with  challenging  loads.  These  respiratory 
training  devices  implement  one  of  two  respiratory  strength  training  techniques;  resistance 
or  pressure-threshold  training.  Differences  between  the  two  techniques  arise  from  the 
respiratory  parameter  they  employ.  Resistance  training  uses  devices  that  employ  air  flow 
resistance  to  increase  respiratory  muscle  strength  (Bach  et  al..  1993).  Pressure-threshold 
training,  on  the  other  hand,  requires  the  build  up  of  a sufficient  lung  pressure  to  overcome 
the  "pressure-threshold"  necessary  to  open  an  adjustable  one-way  valve.  In  pressure- 
threshold  training,  modification  of  the  airflow  mechanics  is  not  allowed  as  a stable 
airflow  is  required,  adding  to  the  specificity  of  this  technique  to  the  respiratory  muscles 
targeted  (Belman,  1993). 

Regarding  swallowing,  no  single  therapeutic  behavioral  technique  has  yet  been 
proven  efficacious  in  eliminating  the  cohort  of  swallowing  abnormalities  in  patients  with 
IPD.  Rather,  swallowing  abnormalities  are  managed  in  a cose-by-casc  basis  with  the  aim 
to  improve  a specific  single  dysfunctional  element  in  the  swallow  sequence  (Yorkston, 
Miller,  & Strand,  2004).  Alterations  in  diet  texture  and  increasing  sensory  input  were 
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also  suggested  to  have  the  potential  of  facilitating  swallowing  function  in  patients  with 
IPD  (Yorkston  el  al..  2004).  A recent  study,  however,  investigated  the  effects  of  a well- 
known  voice  rehabilitation  technique,  the  Lee  Silverman  Voice  Ttrcatmcnt  (LSVT)®,  in 
improving  the  swallowing  difficulties  in  patients  with  IPD  (Sharkawi  et  al.,  2002). 
Improvements  in  the  neuromuscular  control  of  the  entire  upper  acrodigestive  tract  were 
proposed  for  the  reductions  in  swallowing  motility  disorders  observed.  The  LSVT 
utilizes  the  exercise  principles  of  intensity  and  specificity  to  improve  the  activity  of 
targeted  muscles.  Similarly,  these  principles  are  utilized  in  a respiratory  muscle 
strengthening  program  targeting  the  expiratory  muscles  known  as  the  expiratory  muscle 
strength  training  (EMST)  program. 

Expiratory  Muscle  Strength  Training  (EMST) 

EMST  utilizes  a pressure-threshold  device  with  a consistent  pressure  load  to 
expiration.  EMST  is  a rehabilitative  program  that  is  both  intensive  and  physiologically 
specific,  targeting  the  expiratory  muscle  group.  Some  of  the  expiratory  muscles  are 
skeletal  muscles  (namely,  the  abdominal  and  internal  intercostal  muscles)  and  share  the 
same  structural  and  functional  characteristics  of  the  limb  skeletal  muscles.  Structurally, 
expiratory  muscles  have  similar  histochcmical  presentation  as  that  of  the  limb  muscles. 
Both  abdominal  and  internal  intercostal  muscles  are  composed  of  an  approximately  equal 
distribution  of  type  I (slow-oxidative)  and  type  U (fast-twitch)  muscle  fibers,  a finding 
common  to  skeletal  limb  muscles  (Mizuno.  1991).  This  structural  similarity  between 
expiratory  and  limb  muscles  suggests  that  both  muscle  groups  utilize  similar  metabolic 
processes  for  the  production  of  energy  necessary  for  muscle  contraction.  Thus,  a strength 
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training  program  for  the  expiratory  muscles  is  conceivable  if  it  utilizes  the  same 
principles  used  to  strengthen  the  limb  muscles. 

The  strength  of  the  skeletal  muscles  was  found  to  increase  after  they  arc  exposed  to 
strength  training  programs  (McArdle,  Katch.  & Katch,  1996;  Sale.  1988).  Muscle 
strength  training  refers  to  the  process  of  increasing  the  targeted  muscle's  performance  by 
increasing  its  capacity  to  produce  energy  os  a result  of  its  regular  exposure  to  a 
physiological  load  (Powers  & Howley,  2001).  These  changes  in  muscle  performance  and 
capacity  are  referred  to  as  the  training  effect  and  are  physiologically  realized  as  a result 
of  a challenging  and  specific  training  program.  A physiologically  challenging  load  is  that 
in  which  the  muscle  is  exercised  at  more  than  its  habitual  level.  Such  a challenging  load 
can  be  produced  by  increasing  the  intensity,  duration,  or  frequency  of  the  targeted 
muscle’s  exercise.  In  addition,  to  realize  an  optimum  training  effect,  the  strength  training 
program  has  to  be  specific  for  the  targeted  muscle  and  activity  (Powers  & Howley,  2001). 
Therefore,  the  information  gained  from  studying  the  principles  of  limb  muscle  strength 
training  paradigms  were  used  to  develop  the  EMST  program  for  conditioning  the 
expiratory  muscles  (Chiara,  Martin,  Sapienza,  & Bolser,  2003;  Sapienza,  2002; 

Sapienza.  Davenport,  & Martin.  2002;  Sapienza,  Hoffman-Ruddy,  Davenport,  Martin,  & 
Lehman,  2001). 

The  improvements  in  strength  realized  in  skeletal  muscles  after  exposure  to  a 
training  program  arc  attributed  to  many  underlying  physiological  mechanisms  that  vary 
depending  on  the  period  of  the  conditioning  program  (Enoka,  1988;  Moritani  & deVries, 
1980;  Sale,  1987).  Early  strength  changes  are  attributed  to  improvements  in  muscle 
recruitment  and  de-recruitment  of  antagonistic  muscles  and  neural  adaptations.  Neural 
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adaptations  result  in  rapid  strength  gain  as  a result  of  increased  motor  unit  excitability, 
enhanced  coordination,  and  more  efficient  motor  programming.  Muscular  adaptation  is 
suggested  to  contribute  to  the  strength  improvements  occurring  at  later  stages  of  the 
strength-training  program.  This  muscular  adaptation  includes  dramatic  muscle  diameter 
increases,  as  verified  by  CT  imaging  (Sale,  1987),  and  alterations  in  muscle  fiber  type 
composition  from  a fast  to  a slower  fiber  type  (i.e.,  lib  to  Ha;  Adams,  1993).  Greater 
functional  gain  is  achieved  with  loads  of  70-90%  of  the  maximum  load  for  the  duration 
of  30-60  seconds  and  the  frequency  of  3-4  times  in  3-4  days  per  week  (Casaburi.  1994; 
Glassman,  1998). 

In  essence,  EMST  works  by  increasing  the  strength  of  the  expiratory  muscles  that 
results  in  the  production  of  a higher  expiratory  drive  and  higher  expiratory  lung  pressure. 
This  effect  was  realized  in  many  populations  including  healthy  individuals  (Baker,  2003), 
“high-risk"  vocal  performers  (Sapicnza  ct  al.,  2001),  individuals  playing  brass  and  wind 
instruments  (Sapienza  ct  al.,  2002),  patients  with  multiple  sclerosis  (Chiarn  et  al.,  2003; 
Gosselink,  Kovacs,  Ketelar.  Carton,  & Decrnmcr,  2000;  Smeltzer,  Lavietes,  & Cook, 
1996),  and  patients  with  spinal  cord  injury  (Sapicnza,  2002).  In  addition  to 
improvements  in  the  physiologic  measure  of  lung  pressure,  patients  of  these  populations 
reported  a reduction  in  exertional  dyspnea  following  their  treatment.  Furthermore,  the 
contraction  of  the  expiratory  muscles  is  important  for  the  production  of  the  high  airflow 
necessary  for  cough  production.  Preliminary  results  from  a recent  study  (Baker  et  al., 
2002)  provide  evidence  that  cough  production  can  be  improved  with  EMST  in  healthy 
adults  (ages  18-50  years  old). 
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Potential  Underlying  Physiological  Mechanisms  Tor  the  Therapeutic  EITects  of 
EMST 

Several  central  and  peripheral  mechanisms  could  be  postulated  to  support  the 
potential  benefits  of  EMST  in  patients  with  IPD.  A respiratory  muscle  strength  training 
program  could  help  restore  the  performance  of  targeted  respiratory  muscles  by  reducing 
their  reaction  limes,  reducing  the  co-contraction  of  their  antagonistic  muscles,  and 
improving  their  strength.  Generally,  reduced  reaction  time  is  evident  in  elderly 
individuals  as  a result  of  exercise  (Hart,  1981).  In  patients  with  IPD,  this  could  translate 
to  improvements  in  bradykinetic  symptoms. 

Strength  training  in  general  can  further  improve  motor  performance  by  reducing  the 
coactivation  of  antagonistic  muscles.  Indeed,  Gibberd  and  colleagues  found  that  strength 
training  programs  have  been  effective  in  reducing  this  antagonistic  coactivation  in  young 
individuals  (Gibberd,  Page.  Spencer,  Kinnear,  & Hawksworth,  1981).  This  finding 
suggests  that  a respiratory  strength  training  program  can  improve  the  motor  performance 
of  its  targeted  muscles  by  reducing  the  interference  effect  caused  by  the  coactivation  of 
antagonistic  muscles,  a common  finding  among  patients  with  IPD  (Glendinning  & 
Enoka,  1994). 

Both  expiratory  and  inspiratory  muscle  performances  are  significantly  reduced  in 
patients  with  IPD  (Weiner  et  al„  2002).  Reports  also  exist  that  patients  with  IPD  can 
improve  the  skeletal  muscle  strength  of  their  limbs  with  a strength  training  program 
(Scandalis,  Bosak,  Berliner,  Hclman,  & Wells,  2001).  A respiratory  muscle  strength 
training  program,  therefore,  could  help  restore  the  strength  of  targeted  respiratory 
muscles  and  improve  their  performance. 
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Centrally,  two  main  mechanisms  can  be  postulated  to  underlie  the  potential  benefits 
of  EMST  in  patients  with  IPD.  These  include  the  changes  of  the  cortical  drive  as  a result 
of  exercise  and/or  L-dopa  administration  as  well  as  the  potential  effects  of  training  in 
stimulating  the  ncuroplasticity  mechanisms  in  the  brain. 

The  effects  of  exercise  on  the  molecular  and  functional  activities  of  the  healthy  brain 
were  documented.  At  the  molecular  level,  exercise  was  found  to  change  the  monoamine 
ncurotransmitters  levels  in  the  brain  (Heyes,  Garnett,  & Coates.  1988;  MacRae,  Spirduso, 
Cartee,  Farrar,  & Wilcox,  1987;  Speciale,  Miller,  McMillan,  & German,  1986). 
Specifically,  levels  of  dopamine  in  the  brain  were  found  to  be  increased  following  both 
acute  and  chronic  levels  of  exercise.  While  acute  bouts  of  exercise  were  shown  to  result 
in  a marked  increase  of  the  dopamine  level  in  the  striatum  (Speciale  et  al.,  1986),  chronic 
exercise  was  shown  to  increase  levels  of  dopamine  synthesis  and  release  in  the  whole 
brain  (Heyes  cl  al..  1988).  Functionally,  temporary  increase  of  motor  evoked  potential 
amplitudes  during  exercise  was  noted  in  healthy  subjects  (Brasil-  Nelo,  Cohen,  & Hallett, 
1994). 

Conceivably,  several  underlying  mechanisms  could  be  postulated  for  the  potential 
improvements  of  the  specific  functions  of  respiration,  cough  and  swallow  as  a result  of 
EMST,  Increased  strength  of  the  expiratory  muscles  can  translate  to  improvements  in 
maximum  expiratory  pressure  (MEP).  Improvements  in  MEP  as  a result  of  EMST  may 
result  in  improvements  in  the  expiratory  muscle  forced  activities  needed  for  pulmonary 
function  tests.  Specifically,  increases  in  the  forced  expiratory  volume  in  1 second 
(FEV1),  the  ratio  of  FEVI  to  the  forced  vital  capacity  (FEV1/FVC).  and  the  peak 
expiratory  flow  (PEF)  may  be  observed  in  patients  with  IPD  following  exposure  to 
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EMST.  During  cough,  increases  in  the  maximum  expiratory  flow  rate  and  the  post-peak 
plateau  amplitude  and  duration  may  be  observed  as  the  expiratory  muscles  ability  for 
forceful  and  sustained  activation  is  improved.  This  improvement  can  also  result  in 
decreases  of  the  compression  phase  duration.  It  is  hypothesized  that  this  reduction  in 
compression  phase  duration  will  result  from  faster  achievement  of  sufficient  airflow  for 
cough  production  following  EMST,  thus  reducing  the  time  needed  to  compress  the  vocal 
folds  within  the  larynx  for  the  development  of  cough  force.  Finally,  improvements  of  the 
expiratory  muscle  activity  may  result  in  shortening  of  the  cough  inspiratory  phase 
duration  as  the  expiratory  muscles  require  less  air  volume  to  deliver  the  required  air  flow 
rate  in  the  expulsion  phase. 

Several  underlying  mechanisms  could  be  hypothesized  for  the  potential 
improvement  in  the  swallow  motor  activations  as  a result  of  EMST.  The  increased 
activation  of  the  lingual  and  oropharyngeal  sensory  receptors  by  the  high  airflow 
generated  during  EMST  could  result  in  increased  activation  of  the  nucleus  tractus 
solitarius  (NTS)  and,  in  turn,  the  nucleus  ambiguous  and  its  associated  motor  units.  This 
increased  activation  of  these  motor  units  can  result  in  improved  activation  of  the 
pharyngeal  swallow  pattern  and  its  musculature.  Specifically,  this  can  be  observed  as 
improved  motor  response  to  afferent  information  (c.g.,  bolus),  resulting  in  faster 
activation  of  the  pharyngeal  swallow,  better  activation  of  the  velar,  pharyngeal  and 
laryngeal  musculature.  In  essence,  this  has  the  potential  of  reducing  the  movement 


Another  possible  underlying  mechanism  for  the  potc 


vement  in  swallow 


function  utilizes  the  effects  of  changes  in  lung  volume  on  upper  airway  musculature. 
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Specifically,  increased  lung  volume  (used  during  EMST)  was  reported  to  cause  increased 
activation  of  the  levator  veli  palatini  muscle  (LVP;  the  main  muscle  of  palatal  movement) 
and  the  lateral  cricoarytenoid  muscle  (LCA;  a laryngeal  adductor  muscle)  (Koizumi, 
Kogo,  & Matsuya,  1996).  This  can  have  the  potential  of  improving  velar  elevation. 
Further,  increased  activation  of  the  LCA  has  the  potential  of  improving  laryngeal  closure 
during  both  swallowing  and  coughing  and  may  result  in  the  possible  prevention  or 
reduction  of  aspiration. 

In  addition,  forced  expiration  can  have  the  potential  of  improving  the  activities  of 
some  intrinsic  and  extrinsic  laryngeal  muscles.  Specifically,  Kuna  and  Vanoye  (1994) 
showed  that  forced  expiration  is  associated  with  increased  activation  of  the  laryngeal 
adductor  muscles  resulting  in  better  laryngeal  closure  during  both  swallowing  and 
coughing  and  the  possible  prevention  or  reduction  of  aspiration.  Furthermore,  expiration 
in  general  is  associated  with  upward  movement  of  the  larynx  (Fink  & Dcmarest,  1978; 
Kdrkkd,  1998).  This  can  have  the  polenlial  of  improving  the  activities  of  the  suprahyoid 
muscles,  with  possible  reduction  in  hyoid  movement  durations  during  swallowing  and 
possible  prevention  or  reduction  of  aspiration. 

Purpose 

The  purpose  of  this  single  group  study  was  to  investigate  the  effects  of  EMST  on 
expiratory  muscle  strength  in  patients  with  moderate  IPD  (Hoehn  & Yahr  II-III)  as 
measured  by  maximum  expiratory  pressure  (MEP).  This  study  also  investigated  the 
effects  of  improved  expiratory  muscle  strength  on  the  pulmonary  and  cough  functions  in 
patients  with  IPD.  Further,  this  study  aimed  at  investigating  the  effects  that  EMST  would 
have  on  swallow  functions  (physiology  and  swallow-related  quality  of  life)  in  isolation 


from  (OFF  mcdicaiions)  pharmacological  effecls.  In  addition,  this  study  investigated  the 
effects  of  pharmacological  treatment  on  the  pulmonary  and  cough  functions  of  patients 
with  IPD  by  comparing  their  performance  during  the  OFF  (10  hours  since  last  anti- 
parkinsonian medications  intake)  and  ON  (60  minutes  since  last  medications  intake) 

Measures  of  cough  function  included  durations  of  the  inspiratory  phase  (IPD). 
compression  phase  (CPD),  and  post-peak  plateau  (PPPD)  as  well  as  the  peak  of  the 
expiratory  flow  rate  (PEFR)  and  the  post  peak  plateau  amplitude  (PPPA).  Swallowing 
measures  included  selected  temporal  and  displacement  measures  of  swallow  physiology, 
a measure  of  airway  intrusion,  and  a swallow-related  quality  of  life  measure.  Temporal 
measures  of  swallowing  physiology  included  pharyngeal  response  time  (PRT),  hyoid 
superior  (HED)  and  anterior  movement  (HAMD)  durations,  hyoid  anterior  motion 
response  time  (HAMRT),  total  hyoid  movement  duration  (THMD).  and  closed 
velopharyngeal  port  duration  (CVPD)  of  5 and  lOce  boluses  and  the  total  duration  and 
number  of  sequential  swallows  required  to  clear  a 3oz  thin  liquid  bolus.  Displacement 
measures  were  utilized  to  measure  the  extent  of  swallowing-rclatcd  movement  of  the 
hyoid  bone.  The  hyoid  is  generally  described  to  have  both  superior  and  anterior 
movements  during  swallowing.  To  measure  the  extent  of  these  movements,  two 
relatively  stable  anatomical  references  were  used;  the  inferior  anterior  edges  of  the 
external  auditory  meatus  (EAM)  and  the  third  cervical  vertebrae  (C3).  This  double-point 
reference  system  was  developed  for  this  study  because  it  was  expected  to  be  more  valid 
than  a single-point  reference  system  as  it  has  the  potential  of  better  evaluating 
displacements  in  two  planes.  It  is  also  expected  to  be  more  sensitive  to  changes  in  the 


magnitude  of  displacement  in  these  planes.  The  EAM  is  at  a better  anatomical  position 
than  C3  to  measure  superior  changes  in  hyoid  movement  (figure  1 -4);  whereas  C3  is  at  a 
better  anatomical  position  than  the  EAM  to  measure  changes  of  anterior  hyoid  movement 
(figure  1-5).  Therefore,  the  ratio  of  the  distance  from  the  EAM  to  the  hyoid  at  maximum 
elevation  to  the  distance  to  the  resting  hyoid,  the  hyoid  elevation  displacement  ratio 
(HEDR),  was  utilized  to  measure  superior  displacement  of  the  hyoid.  In  addition,  the 
ratio  of  the  distance  from  C3  to  the  hyoid  at  maximum  elevation  to  the  distance  when  the 
hyoid  is  at  its  maximum  anterior  position  during  swallowing,  the  hyoid  anterior  motion 
displacement  ratio  (HAMDR),  was  utilized  to  measure  anterior  hyoid  displacement 
during  5 and  lOcc  swallows. 

A penetration-aspiration  (P-A)  scale  (Rosenbck,  Robbins,  Rocckcr,  Coyle.  & Wood, 
1996)  was  utilized  to  measure  relative  intrusion  of  the  airway  during  the  swallows. 
Swallow-related  quality  of  life  was  measured  using  the  Swallowing  Quality  of  Life 
Questionnaire  (SWAL-QOL;  McHomey,  Bricker,  Kramer.  Rosenbck,  Robbins,  Chigncll, 
Logemann,  & Clarke,  2000;  McHomey,  Bricker,  Robbins,  Kramer,  Rosenbck,  & 
Chigncll,  2000). 


Figure  1-4:  Hyoid  Elevation  Displacement  Ratio  (HEDR). 


Figure  1-5:  Hyoid  Anterior  Motion  Displa 


nt  Ratio  (HAMDR). 


Hypothesis  1 

The  maximal  strength  of  the  expiratory  muscles  enn  be  increased  in  patients  with 
IPD  when  exposed  to  a short-term  respiratory  training  program.  Increased  strength  of  the 
expiratory  muscles  will  translate  to  improvements  in  maximum  expiratory  pressure 
(MEP).  Higher  measures  of  MEP  will  be  observed  during  measurements  made  in  the 
middle  of  the  antiparkinsonian  medication  cycle  (ON  Medications)  as  compared  to 

Hypothesis  2 

Improvements  in  MEP  as  a result  of  EMST  will  translate  to  improvements  in 
pulmonary  function  tests.  Specifically,  increases  in  the  forced  expiratory  volume  in  1 
second  (FEV1),  the  ratio  of  FEVI  to  the  forced  vital  capacity  (FEV1/FVC),  and  the 
maximum  expiratory  llow  (MEF)  will  be  observed  in  patients  with  IPD  following 
exposure  to  EMST.  Higher  measures  of  pulmonary  function  will  be  observed  during  the 
ON  medication  state  as  compared  to  measurements  made  during  the  OFF  medication 

Hypothesis  3 

Improvements  in  MEP  as  a result  of  EMST  in  patients  with  IPD  will  translate  to 
increases  in  the  peak  expiratory  flow  rate,  post-peak  plateau  amplitude  and  duration.  In 

cough  production  will  be  observed.  Greater  measures  of  cough  function  will  be  observed 


during  ihe  ON  medication  state  as  compared  to  measurements  made  during  the  OFF 
medication  state. 

Hypothesis  4 

Improvements  in  expiratory  flow  rate  in  patients  with  IPD  as  a result  of  exposure  to 
EMST  will  translate  to  improved  motor  function  of  the  pharyngeal  phase  of  swallowing. 
Specifically,  patients  will  have  reduced  PRT,  HED,  HAMRT,  HAMD,  THMD,  and 
CVPD,  and  increased  HEDR  and  HAMDR  during  swallowing  of  5 and  lOcc  thin  liquid 
and  pudding  boluses  following  exposure  to  EMST.  In  addition,  the  total  number  and 
duration  of  3oz  thin  liquid  sequential  swallows  will  be  reduced.  The  average  P-A  scores 
during  and  thin  liquid  and  pudding  swallows  will  be  reduced  as  a better  closure  of  the 
laryngeal  opening  will  be  expected  following  exposure  to  EMST.  These  changes  of 
swallow  function  will  translate  to  improvements  in  swallow-related  quality  of  life,  as 
measured  by  the  SWAL-QOL. 

Since  increasing  bolus  size  or  having  a thicker  consistency  is  associated  with  longer 
swallow  movement  durations  and  greater  hyoid  movement  displacements  with  increased 
demand  on  forced  activity  of  the  swallow  muscles,  a worse  baseline  measurement  is 
hypothesized  for  lOcc  and  pudding  boluses.  However,  these  boluses  are  also 
hypothesized  to  have  the  biggest  improvements  after  exposure  to  the  EMST  rehabilitative 
program. 

The  swallow  function  will  only  be  evaluated  during  the  OFF  medication  state  as 
antiparkinsonian  medications  consistently  failed  to  induce  improvements  in  swallow 
function  in  previous  studies  (Bushmann  et  al„  1989;  Caine  et  al.,  1970).  The  OFF 


by  the  disease  process  of  IPD. 


represents  the  physiological 


CHAPTER  2 
METHODOLOGY 

Experimental  Design 

The  design  of  this  project  was  a prospective  repeated  measures  design.  The 
independent  variables  included  medication  status  (OFF/ON),  gender,  and  baseline  (Pre  1/ 
Pre  2/Post-trcatment).  The  dependent  variables  were  MEP,  FEVI,  FEVI/FVC,  MEF, 
IPD,  CPD,  PEF,  PPPD,  and  PPPA.  Dependent  measures  for  examining  swallow  function 
included  PRT,  HED,  HAMRT,  HAMD.  THMD,  CVPD,  P-A  score,  HEDR,  and  HAMDR 
measured  for  swallowing  of  5cc  and  10  boluses  of  thin  liquid  and  pudding  consistencies, 
as  well  as  total  duration,  average  P-A  scores,  and  number  of  3oz  thin  liquid  sequential 
swallows.  In  addition,  the  patient  perception  of  swallowing  difficulties  was  measured 
with  the  total  scores  of  the  SWAL-QOL.  For  swallowing  measures,  two  other 
independent  variables  were  included;  bolus  size  (See,  lOcc)  and  consistency  (thin  liquid, 
pudding). 

Sample  Size  Determination 

As  suggested  by  Marks  (2000),  sample  size  calculations  were  carried  out. 
Calculations  utilized  maximum  expiratory  pressure  (MEP)  as  the  primary  dependent 
variable.  The  standard  deviation  of  MEP,  a,  was  determined  from  the  range  of  MEP 
measurements  obtained  from  the  current  study.  The  range  was  111.2,  yielding  a o of 
27.8.  The  smallest  clinical  significant  difference,  or  bound  on  error,  between  the  average 
of  MEP  scores  before  EMST  and  their  average  after  EMST  was  determined  to  be  25%  of 


the  average  baseline  MEP.  Since  ihe  mean  MEP  was  measured  al  101.2,  Ihe  bound  on 


error  (B)  value  was  calculated  and  yielded  a 25.3  minimum  significant  difference.  Using 
the  obtained  values  of  B and  a,  a value  for  DELTA  con  be  calculated.  DELTA  is 
determined  using  the  formula:  DELTA  = B/o.  Using  that  formula,  DELTA  was 
determined  al  0.910.  As  the  significance  level  (tx)  and  power  of  the  test  were 
predetermined  at  0.05  and  80%  respectively,  a sample  size  determination  could  be  earned 
out.  Using  the  table  provided  in  Marks  (2000),  the  number  of  participants  needed  for  this 
study  was  ten.  Therefore,  10  participants  were  recruited  for  this  study. 

Recruitment  and  Selection 

An  approval  to  conduct  this  study  was  obtained  from  the  University  of  Florida 
Health  Science  Center  Institutional  Review  Board  was  obtained  (IRB#  154-2003). 
Participants  were  recruited  from  patients  visiting  Ihe  University  of  Florida  Movement 
Disorders  Clinic  in  Gainesville,  Florida. 

Inclusion  Criteria 

Participants  were  included  in  this  study  if  they  meet  the  following  criteria: 

1.  Age  between  35  and  70  years. 

2.  Diagnosis  of  tremor-predominant  idiopathic  Parkinson's  disease  by  a 
movement  disorders  neurologist. 

3.  Moderate  clinical  disability  level  (II-I1I;  Hoehn  & Yahr,  1967). 

Exclusion  Criteria 

Participants  were  excluded  from  this  study  if  they  reported,  manifested,  or  had  a 
positive  histoiy  of: 

1 . Other  neurological  disorders. 


2.  Gastrointestinal  disease. 


3.  Gastro-csophageal  surgery. 

4.  Head  and  neck  cancer. 

5.  History  of  breathing  disorders  or  diseases  (c.g..  Asthma,  chronic  obstructive 
pulmonary  disease  (COPD)). 

6.  Untreated  hypertension. 

7.  Heart  disease. 

8.  History  of  smoking  in  the  last  five  years. 

9.  Failing  the  screening  test  of  pulmonary  functions  (e.g.,  FEV1/FVC  < 75%). 

10.  Difficulty  in  complying  to  the  training  protocol  due  to  neuropsychological 
dysfunction  (c.g.,  severe  depression). 

Measures 

This  study  included  a 7-week  experimental  protocol  for  each  participant.  Measures 
of  respiration,  cough,  and  swallowing  were  obtained  prior  to  and  after  completion  of 
EMST.  The  first  two  weeks  and  the  last  week  of  the  protocol  were  devoted  to  baseline 
data  collection  sessions.  Two  baseline  data  collection  sessions  were  conducted  prior  to 
starting  the  EMST  and  one  session  after.  During  each  of  these  baseline  data  collection 
sessions,  measures  of  respiration  and  cough  were  obtained  twice;  once  while  the 
participants  were  during  the  end  of  their  drug  cycle  (OFF;  12  hours  post  last  drug  intake), 
and  once  while  the  participants  were  in  the  middle  of  their  drug  cycle  (ON;  60  minutes 
after  drug  intake).  Swallowing  measures,  however,  were  obtained  only  twice  for  each 
participant  throughout  the  protocol;  once  during  the  second  baseline  pre-treatment  OFF 
medication  state  and  once  during  the  post-treatment  OFF  medication  state.  The  swallow 


function  were  only  evaluated  during  the  OFF  medication  state  as  antiparkinsonian 


medications  have  failed  to  consistently  induce  improvements  in  swallow  function  in 
previous  studies  (Bushmann  et  al.,  1989;  Caine  et  al„  1970).  The  OFF  medication  slate 
was  chosen  because  it  best  represents  the  physiological  changes  caused  by  the  disease 
process  of  IPD. 

During  each  baseline  session,  the  general  motor  function  of  the  participant  was  examined 
using  the  United  Parkinson's  Disease  Rating  Scale  (UPDRS-M)  administered  and  video- 
recorded  by  a clinician  trained  by  a movement  disorders  neurologist.  Participants  were 
examined  twice  during  each  baseline;  once  OFF  medications  and  once  ON  medications. 
These  videotaped  motor  examinations  were  later  presented  at  random  to,  and  scored  by,  a 
movement  disorders  neurologist,  who  was  blinded  to  the  participant's  training  phase  and 
medication  status.  Rigidity,  however,  was  assessed  by  the  examining  clinician  since  its 
scoring  is  based  on  the  clinician's  tactile  perception  of  the  participant's  muscle  tone. 

Random  presentation  of  general  motor,  respiratory,  and  cough  function  tasks  was 
continued  for  all  participants  to  control  for  the  effects  of  participant  fatigue  on  these 
functions. 

Pulmonary  Measures 

I . Maximum  Expiratory  Pressure:  Expiratory  muscle  strength  was  measured  as  the 
maximum  expiratory  pressure  (MEP)  at  the  mouth.  This  measurement  provides 
an  indirect  measure  of  the  expiratory  muscle  strength.  The  measurement 
apparatus  consisted  of  a mouthpiece  connected  to  a pressure  manometer  (FLUKE 
7 13-30G)  by  50  cm  of  2 mm  i.d.  tubing  with  a 14-guage  needle  air-leak.  In  order 
to  measure  MEP,  the  participant  stood  with  his  or  her  nose  occluded  with  a nose 


clip.  After  inhaling  to  total  lung  capacity,  the  participant  placed  his  or  her  lips 
around  the  mouthpiece  and  blew  out  as  forcefully  as  possible.  Repeated  measures 
were  taken  with  a one  to  two  minute  rest  between  trials,  until  three  measurements 
arc  obtained  within  5%  of  each  other.  The  average  of  these  three  values  was 
recorded. 

2.  Forced  Vital  Capacity  (FVC),  Forced  Expiratory  Volume  at  one  second  (FEV1), 
and  maximum  expiratory  flow  rale  (MEF):  the  participants  were  asked  to  breathe 
in  to  their  total  lung  capacity.  The  participants  were  then  asked  to  blow  out  as 
forcefully  as  possible  into  a computerized  spirometer  (Spirovision  3+,  FutureMcd 
of  America).  FEV i is  a measure  of  expiratory  volume  of  the  first  second  of 
expiration  during  the  forced  vital  capacity  maneuver. 

Cough  Measures 

Cough  measures  were  acquired  from  an  airflow  waveform  obtained  during  a 
voluntary  cough.  The  expiratory  arflow  waveforms  were  collected  using  a mouthpiece 
attached  to  a non-heated  pneumotachograph  (Hans  Rudolf)  with  30  cm  of  plastic  tubing 
(3mm  diameter).  A differential  pressure  transducer  (ML  140)  with  a pressure  sensing 
range  of  ±12.S  cm  H,0  was  attached  to  the  pneumotachograph.  This  attachment  was 
fitted  directly  into  the  Power  Lab/4SP  data  acquisition  system  (ADInstruments,  ML750). 
Calculations  of  spiromctric  measures  were  provided  by  a software  from  ADInstruments 
(Chart  4 for  Windows  from  ADInstrumens).  Prior  to  collection  of  all  cough  measures, 
the  pneumotachograph  was  calibrated  by  injecting  a known  value  (3  liters)  of  air  using  a 


calibrated  syringe.  A calibration  routine  within  Chart  4 for  Windows  software 


(ADInsirumcnls)  was  used  10  calculate  volume  and  flow.  All  cough  signals  were 
recorded  using  the  Chart  4 software. 

To  obtain  an  acceptable  cough  signal,  the  participants  were  seated  with  their  nose 
occluded  by  a nose  clip.  The  participant  placed  his  or  her  lips  around  the  mouthpiece  and 
inhaled  fully  then  produced  three  "strong"  voluntary  coughs  into  the  pneumotachograph 
with  a 30  second  break  between  them.  Measurements  of  cough  were  made  using  the 
Chart  4 software. 

For  each  airflow  waveform  produced,  five  measurements  were  made  (see  Figure 
1-1);  inspiratory  phase  duration  (IPD),  compression  phase  duration  (CPD),  peak 
expiratory  flow  rate  (PEFR),  post-peak  plateau  duration  (PPPD),  and  post-peak  plateau 
amplitude  (PPPA).  IPD  was  defined  as  the  time  from  the  beginning  to  the  end  of  the 
inspiratory  phase  marked  by  departing  and  retuning  of  the  airflow  to  0 L/s,  respectively. 
PEFR  (L/s)  was  defined  as  the  peak  flow  rate  (following  an  inspiratory  period)  measured 
from  the  expiratory  flow  waveform  during  a voluntary  cough.  CPD  (in  seconds),  on  the 
other  hand,  was  defined  as  the  time  from  the  end  of  the  inspiratory  phase  to  the  beginning 
of  the  expiratory  phase.  PPPD  was  defined  as  the  lime  of  sustained  airflow  that  occurred 
after  the  peak  expiratory  flow.  This  was  subjectively  determined  by  observing  the 
expiratory  flow  waveform.  The  initiation  point  for  PPPD  was  marked  as  the  time  the 
flow  became  stable  after  the  descent  from  its  peak,  while  PPPD  termination  was  marked 
as  the  final  lime-point  where  the  sustained  stable  flow  ended  prior  to  another  descent  in 
the  expiratory  flow  rate.  PPPA  was  defined  as  the  amplitude  of  the  plateau  measured  by 
the  line  of  best  fit  of  6 randomly  selected  points  to  represent  the  amplitude. 
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Swallowing  Measures 

Swallowing  measures  were  obtained  from  recordings  of  participants  completing  a 
Vidcofluoroscopic  Swallowing  Examination  (VFSE).  The  VFSE  included  videotaping 
the  subject  in  the  radiologic  suite  (at  Shands  Hospital  at  the  University  of  Florida)  using 
standard  fluoroscopic  systems  with  remote  monitor  and  a standard  lateral  view  of  the 
oropharynx.  This  lateral  view  allowed  visualization  of  all  critical  oral  and  pharyngeal 
structures,  including  jaw,  lips,  longue,  soft  palate,  larynx  and  pharynx.  Each  examination 
consisted  of  two  trials  swallowing  5cc  and  lOcc  boluses  of  thin  liquid  barium  (Liquid  E- 
Z-Paquc  Barium  Sulfate  Suspension;  60%  w/v,  4i%  w/w;  Target  Viscosity  @ shear  rate 
of  30  sec*1 : 4 cps;  from  E-Z-EM)  and  barium  pudding  (Varibar  Pudding;  Target 
Viscosity  @ shear  rate  of  30  sec*1 : 6000  cps;  from  E-Z-EM).  in  addition  to  one,  3 oz  thin 

The  video-recording  obtained  in  the  VFSE  were  digitized  using  the  Digital 
Swallow  Workstation  from  KAY  Elemetrics.  The  digitized  recordings  were  analyzed  at 
real  time  and  frame-by-frame  to  obtain  accurate  temporal  measurements.  Measures  of 
swallowing  function  included; 

• For  5 and  lOcc  swallows  (2  times): 

o Penetration-aspiration  score:  The  score  of  each  swallow  on  an  8-point 
Penetration-Aspiration  Scale  (Rosenbek  et  al„  1996). 
o Pharyngeal  response  time  (PRT):  time  (in  msec)  from  the  bolus  passing  the 
base  of  the  tongue  to  the  onset  of  hyoid  elevation;  indicating  the  onset  of  the 
pharyngeal  phase  of  swallowing, 
o Hyoid  displacement  durations: 
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Hyoid  elevation  duration  (HED):  time  (in  msec)  from  onset  of  hyoid 
movement) 

hyoid  reaching  maximum  elevation  to  the  onset  of  its  anterior 


Hyoid  anterior  motion  duration  (HAMD):  time  (in  msec)  from  onset  of 
hyoid  anterior  movement  to  the  point  it  reaches  maximal  anterior 


■ Total  hyoid  movement  duration  (THMD):  lime  from  onset  of  hyoid 
elevation  to  its  return  to  the  resting  position. 

o Hyoid  displacement  measures: 

■ Hyoid  elevation  displacement  ratio  (HEDR):  the  ratio  of  the  distance 
from  the  inferior  anterior  edge  of  the  EAM  to  the  most  inferior  point 
of  the  anterior  edge  of  the  hyoid  at  maximum  elevation  to  that  distance 
to  the  resting  hyoid. 

■ Hyoid  anterior  morion  displacement  ratio  (HAMDR):  the  ratio  of  the 

of  the  anterior  edge  of  the  hyoid  at  maximum  elevation  to  that  distance 
when  the  hyoid  is  at  its  maximum  anterior  position  during  swallowing. 

■ Closed  velopharyngeal  port  duration  (CVPD):  time  (in  msec)  of  velar 
contact  with  the  posterior  pharyngeal  wall. 


For  3o2  ihin  liquid  swallows: 


o Penetration-aspiration  score:  The  score  of  each  swallow  on  an  8-point 
Penetration-Aspiration  Scale  (Rosenbck  et  al.,  1996). 
o Total  duration  of  3oz  swallow:  time  (in  msec)  from  onset  of  bolus  head 
posterior  movement  until  bolus  tail  passes  through  UES  into  esophagus, 
o Number  of  swallows  required  to  clear  a 3oz  thin  liquid. 

• Swallowing  Quality  of  Life  Measure:  Participants  were  asked  to  complete  the 
Swallowing  Quality  of  Life  Questionnaire  (SWAL-QOL),  This  newly  standardized 
psychometric  measures  of  swallowing-disorder  related  quality  of  life  were  developed 
from  the  patient's  point  of  view  (Appendix  A).  SWAL-QOL  is  a 44  item  swallowing 
specific  quality  of  life  measure  sampling  10  domains  of  quality  of  life.  It  is  sensitive 
to  differences  in  severity  of  dysphagia  and  response  to  treatment.  It  provides  the 
only  reliable  standardized  psychometric  measure  of  dysphagia  related  QOL  extant 
Training  Protocol 

After  completion  of  the  two  baseline  sessions  listed  above,  each  participant  was 
provided  with  an  expiratory  pressure  threshold  trainer.  The  expiratory  pressure  threshold 
trainer  (Figure  2-1)  consists  of  plexiglass  tube  with  a variable  tension  spring  controlling  a 
"pop-off  valve.  The  expiratory  pressure  threshold  trainer  provides  a consistent  pressure 
load  on  expiration.  Participants  must  overcome  a threshold  load  by  generating  an 
expiratory  pressure  sufficient  to  open  the  expiratory  spring-loaded  valve.  The  spring 
contained  in  this  device  is  adjustable  to  allow  for  the  required  pressure  threshold  to  be 


increased. 


This  expiratory  pressure  threshold  training  device  is  a modification  of  a commercially 
available  device  manufactured  by  HealthScan,  Inc.  The  modification  of  this  device 
allows  the  pressure  threshold  to  be  set  up  to  150  cmHzO.  The  original  device  only  allows 
pressure  threshold  settings  up  to  20  cmHzO.  The  higher  pressure  threshold  settings  are 
necessary  to  allow  the  threshold  to  be  set  at  the  challenging  load  of  75%  of  the 
participant's  MEP. 

The  training  protocol  for  each  participant  lasted  four  weeks  and  consisted  of  five  sets 
of  five  breaths,  five  days  per  week  with  the  pressure  threshold  set  at  75%  of  the 
participant's  MEP.  To  insure  compliance  with  the  training  protocol,  the  initial  training 
meeting  between  the  clinician  and  each  participant  included  training  him/her  on  proper 
device  handling  procedures,  appropriate  labial  closure  around  the  device's  mouthpiece, 
and  air  leak  prevention  techniques.  To  prevent  possible  air  leak,  the  participant  was 
trained  to  place  his/her  lips  tightly  around  the  device's  mouthpiece  while  one  of  his/her 
hands  held  his/her  cheeks  firmly  to  prevent  pocketing  of  air  into  the  buccal  cavity.  The 
participant  was  then  instructed  to  blow  as  forcefully  as  possible  into  the  device's 
mouthpiece  from  total  lung  capacity  (TLC).  The  participants  were  trained  to  correctly 
identify  successive  valve  opening  trials  by  distinguishing  a distinct  audible  sound  os  air 
passes  through  the  device  following  the  release  of  the  valve. 

During  the  home-based  training,  the  participants  independently  followed  the 
mstrucuons  given  to  them  to  complete  the  training  sets.  To  maintain  a record  of  the 
participants'  compliance,  they  were  required  to  mark  the  completion  of  training  sets  on  a 
log  sheet  (Appendix  B)  each  week.  In  addition,  a midweekly  phone  contact  was 
maintained  with  each  participant  to  ensure  their  compliance  with  the  guidelines  of  the 


Figure  2-1:  A schemalic  drawing  of  die  expiratory  pressure  threshold  training  device. 


training  protocol. 

A weekly  readjustment  meeting  was  maintained  with  each  participant.  At  that 
meeting,  the  participant's  MEP  was  measured  in  the  same  manner  described  earlier,  and 
the  average  value  was  used  in  the  dataset.  The  pressure  threshold  of  the  training  device 
was  then  readjusted  according  to  the  newly  measured  average  MEP  value.  To  ensure  that 
the  new  load  was  achievable  and  appropriate,  the  participant  was  required  to  complete  the 
five  training  sets  for  that  day  while  the  clinician  was  in  attendance.  Any  concerns  the 
participant  had  regarding  the  training  program  were  addressed  at  that  time. 

Training  and  readjustment  meetings  were  held  at  a constant  time  (approximately  60 
minutes  after  medication  intake)  in  the  participants'  regular  medication  cycle.  This  was 
done  to  control  for  any  possible  interference  that  the  pharmacological  treatments  might 
have  had  on  the  expiratory  muscle  strength  measurements. 

Compliance 

Participants  were  provided  with  written  (Appendix  B)  and  verbal  instructions  for  the 
completion  of  the  training  protocol.  They  marked  the  completion  of  training  sets  on  a log 
sheet  (Appendix  C)  each  week. 

Statistical  Analyses 

Three  multivariate  repeated  measures  analyses  of  variance  (MANOVA)  and  three 
repeated  measures  analyses  of  variance  (ANOVA)  were  used  to  examine  the  effects  of 
EMST  on  respiratory  muscle  strength,  cough,  swallow,  pulmonary  function,  total 
UPDRS-M,  and  total  SWAL-QOL  scores.  Significant  differences  at  alpha  = .05  depicted 
in  any  of  the  MANOVA's  were  further  explored  using  univariate  comparisons  of  specific 
outcome  variables.  All  analyses  were  carried  out  using  SAS  software  version  8.2. 


In  addition,  the  relationship  between  the  change  in  MEP  and  other  repiratory,  cough, 
and  swallow  function  were  investigated  using  tests  of  correlation.  Further,  inter*  and 
intra-rater  reliability  were  carried  out  on  approximately  15%  of  the  database.  A different 
examiner  re-analyzed  the  data,  providing  the  data  needed  to  test  for  inter-judge  reliability 
of  dependent  variables.  To  compare  the  results  between  examiners,  paired-sample  Mests 
and  Pearson's  tests  of  correlation  were  used.  The  author  repeated  the  analyses  of  15%  of 
the  data  sets  to  test  for  intra-rater  reliability.  Again,  paired-sample  t-tests  and  Pearson's 
tests  of  correlation  were  used  to  test  for  differences  among  the  values  obtained. 


CHAPTER  3 
RESULTS 


Ten  participants  were  involved  in  ihis  study.  Their  demographic  information  is 
summarized  in  Table  3- 1 . Four  of  these  participants  were  females,  and  six  were  males. 
Their  age  ranged  from  54  to  68  years  old  (female  mean  = 57.50.  SD  = 2.89;  male  mean  = 
59.67,  SD  = 4.76).  The  average  female  clinical  severity  as  determined  by  the  modified 
Hoehn  and  Yahr  clinical  severity  scale  was  2.63  with  a standard  deviation  of  0.25, 
whereas  that  average  for  males  was  2.58  with  a standard  deviation  of  0.49. 

Maximum  Expiratory  Pressure  (MEP) 

A three-way  repeated  measures  analysis  of  variance  (ANOVA)  was  used  to 
analyze  the  results  of  MEP  as  affected  by  gender  (male,  female),  medication  status  (OFF, 
ON),  and  baseline  (first  baseline  pre-treatment,  second  baseline  pre-treatment,  post- 
treatment baseline).  Results  of  this  ANOVA,  presented  in  Table  3-2,  revealed  no 
significant  three-way  interaction  between  these  three  factors  (Fmo= 0.3 l,p  = 0.732). 
Consequently,  the  two-way  interactions  were  examined,  and  they  manifested  no 
significant  interaction  between  the  factors  of  gender  and  medication  status  (F,,in> = 0.66. 
p = 0.4 19)  or  between  the  factors  of  medication  status  and  baseline  (Fzrai = 0.98,  p = 
0.377).  A significant  two-way  interaction  was  found,  however,  between  the  factors  of 
gender  and  baseline  (.Fum  = 3.78,  p = 0.026).  No  significant  difference  was  found  in 
MEP  between  the  OFF  ( mean  = 106.93)  and  ON  ( mean  = 108. 19)  levels  of  the  main 
effect  of  medication  status  (F/.;»  = 0.17,  p = 0.680). 
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Tabic  3-2:  Results  of  the  repeated  measures  ANOVA  for  MEP. 


* indicates  that  the  mean  differen 


ficant  at  0 = 0.05. 
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The  significant  two-way  interaction  between  gender  and  baseline  was  submitted 
to  further  analysis  with  simple  effect  tests.  Results  of  these  tests,  presented  in  Table  3-3 
and  depicted  in  Figure  3-1,  revealed  that  the  MEPs  measured  for  each  gender  were  not 
significantly  different  during  the  two  pre-treatment  baselines.  Namely,  MEPs  measured 
for  females  during  the  first  pre-treatment  baseline  (MEPf.ivcI  mean  = 78.66)  were  not 
significantly  different  from  MEPs  measured  for  them  during  the  second  pre-treatment 
baseline  (MEPFjwmean  = 85.54;  p = 0.985),  and  MEPs  measured  for  males  during  the 
first  pre-treatment  baseline  (MEPm.p,.i  mean  = 1 10.29)  were  not  significantly  different 
from  MEPs  measured  for  them  during  the  second  pre-treatment  baseline  (MEPmsv.!  mean 
= 105.69;  p = 0.991).  Additionally,  MEPs  measured  for  females  during  the  post- 
treatment baseline  (MEPpjwafliam  = 102.18)  were  not  significantly  different  from  MEPs 
measured  for  males  during  any  of  the  pre-treaunent  baselines  (MEPmjv.i  mean  = 1 10.29, 
p = 0.890;  MEPm.iv.2  mean  = 105.69,  p = 0.992).  On  the  other  hand,  MEPs  measured  for 
males  during  the  post-treatment  baseline  (MEPMj’ou'nean  = 144.59)  were  significantly 
higher  than  any  MEPs  measured  for  cither  sex  during  any  baseline.  Furthermore,  MEPs 
measured  for  females  during  the  post-treatment  baseline  were  significantly  higher  than 
those  measured  for  them  during  any  of  the  pre-treatment  baselines  (MEPfjv.i  mean  = 
78.66,  p = 0.013;  MEPf.iv.!  mean  = 85.54,  p = 0.008).  Finally,  for  any  of  the  pre- 
treatment baselines,  MEPs  measured  for  males  were  significantly  higher  than  those 


measured  for  females. 


* indicates  that  the  mean  difference  is  significant  at  a = 0.05. 
F = Females 


I = Males 
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Figure  3-1:  The  effects  of  Gender  and  Baseline  on  MEPs. 
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Pulmonary  Function 

A three-way  multivariate  analysis  of  variance  (MANOVA)  was  conducted  to 
determine  the  effects  of  gender,  baseline,  and  medication  status  on  the  three  dependent 
variables  of  FEV1,  FEVI/FVC,  and  MEF.  MANOVA  results,  presented  in  Table  3-4 
revealed  that  the  three-way  interaction  between  the  factors  was  not  significant  at  o = 0.05 
( Wilks ' A = 0.940,  Fejjt  = 1 .25,  p = 0.283).  The  two  way  interaction  between  factors 
was  then  examined  and  revealed  nonsignificance  for  the  interactions  between  gender  and 
baseline  (Wilks'  A = 0.970,  = 0.60,  p = 0.729),  or  medication  status  and  baseline 

(Wilks'  A =0.920,  F«,jm=  1.68,  p = 0.127).  However,  a significant  one  was  found  for 
the  interaction  between  gender  and  medication  status  (Wilks'  A = 0.91  i,Fj.//j  = 3.85, p = 
0.01 1 ).  Therefore,  the  main  effect  of  baseline  was  examined  and  revealed  that  baseline 
significantly  affect  the  combined  dependent  variable  of  FEV1,  FEVI/FVC,  and  MEF 
( Wilks'  A = 0.605,  F6jm  = 1 1 .23,  p < 0.001 ).  Univariate  ANOVAs  and  Tukey's  post-hoc 
tests  were  conducted  as  follow-up  tests.  Prior  to  examining  the  ANOVA  results,  the 
alpha  level  was  adjusted  utilizing  the  Bonfcrroni  adjustment  to  counteract  the  potential  of 
an  inflated  error  rate  due  to  the  multiple  uses  of  ANOVAs  (Merrier  & Vannatta,  2001). 
Consequently,  the  overall  a-level  was  divided  by  the  number  of  dependent  variables  (i.e., 
3)  to  achieve  the  adjusted  a-level.  Accordingly,  the  adjusted  a-level  was  determined  to 
be  0.05/3  = 0.0167.  Univariate  ANOVA  results,  presented  in  Table  3-5,  reveal  no 
significant  interaction  between  the  factors  of  gender  and  medication  status  on  any  of  the 
dependent  variables  of  FEV 1 (F/./jo  = 1 .82, p = 0. 179),  FEV 1/FVC  (F/,i»  = 2.32 ,p  = 
0.130),  or  MEF  (Fijio=  1.40,  p = 0.239).  ANOVA  results  also  indicate  that  FEVI 
significantly  differs  for  gender  (/•/./»  = 380.46, p < 0.001 ) and  baseline  (Fg/ao  = 9.24.  p 


65 


* indicates  lhal  the  mean  difference  is  significant  at  a = 0.05. 


66 


67 

= 0,001),  bul  not  for  medication  status  (F;,;»> = 0.75,  p=  0.389).  Similarly,  MEF 
significantly  differs  for  gender  (Fuai = 605.64,  p < 0.001 ) and  baseline  (Fm o = 43.19,  p 
< 0.00 1 ),  but  not  for  medication  status  (Fi.no  = 0.01 , p = 0.936).  However,  the 
FEV 1/FVC  ratio  docs  not  significantly  differ  for  gender  (Fj.no = 0.08,  p = 0.772), 
medication  status  (Fj.no  = 0.97,  p = 0.328),  or  baseline  (Fj.uo  = 3.89,  p = 0.023). 

Tukcy's  post-hoc  results  for  gender,  presented  in  Table  3-6,  indicate  that  male 
participants  have  significantly  higher  FEV1  (FEV  1m  mean  = 2.88;  p < 0.001)  and  MEF 
(MEFm  mean  = 6.06;  p <0.001)  means  than  females  do  (FEVlp  mean  = 2.01;  MEFp 
mean  = 3.85),  sec  Figures  3-2  and  3-3.  Post-hoc  results  for  FEV1  and  baseline,  presented 
in  Table  3-7,  indicate  no  significant  difference  between  FEV1  measurements  taken 
during  the  two  pre-treatment  baseline  measures  (p  = 0.862).  These  results  further 
indicate  a significant  difference  between  FEV1  measured  during  the  post-treatment 
baseline  (FEVliw  mean  = 2.57)  and  that  measured  during  any  of  the  pre-treatment 
baselines  (FEVl^i  mean  = 2.37,  p = 0.005;  FEV  If*-  mean  = 2.38.  p < 0.001),  see 
Figure  3-4.  In  contrast,  post-hoc  results  for  MEF  and  baseline,  also  presented  in  Table  3- 
7,  indicate  significant  differences  among  MEF  measurements  taken  during  the  three 
baselines,  see  Figure  3-5.  For  the  pre-treatment  baselines,  MEFs  measured  during  the 
second  baseline  (MEF*:  mean  = 4.914)  were  significantly  higher  than  those  measured 
during  the  first  baseline  (MEF|*i  mean  = 4.45;  p = 0.006).  On  the  other  hand,  MEFs 
measured  during  the  post-treatment  baseline  (MEFi*„  mean  = 5.5 1 ) were  significantly 
higher  than  those  measured  during  the  firet  (p  < 0.001 ) or  the  second  (p  < 0.00 1 ) pre- 


treatment baselines. 


Table  3-6:  Posi  hoc  (eats  for  FEV 1 and  MEF  by  Gender. 


Ih'pi'iuknl 

Variable 


* indicates  that  the  mean  difference  is  significant  at  o = 0.0167. 


Figure  3-2:  Effect  of  Gendt 


Figure  3*3:  Effect  of  Gender  on  MEF. 


Figure  3-4:  Mean  FEV1  values  at  different  Baselines. 


Figure  3-5:  Mean  MEF  values  al  different  Baselines. 
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Cough  Function 

A MANOVA  was  conducted  to  determine  the  effects  of  gender,  baseline,  and 
medication  status  on  the  dependent  variables  of  inspiratory  phase  duration  (IPD), 
compression  phase  duration  (CPD),  peak  expiratory  flow  rate  (PEFR),  post-peak  plateau 
duration  (PPPD),  and  post-peak  plateau  amplitude  (PPPA).  MANOVA  results,  presented 
in  Table  3-8.  revealed  that  the  three-way  interaction  among  the  factors  was  significant  at 
o = 0.05  (Wilks'  A = 0.807,  Fnui  = 2-63,  p = 0.005).  Therefore,  univariate  ANOVAs 
and  Tukey’s  post-hoc  tests  were  conducted  as  follow-up  tests.  Prior  to  examining  the 
ANOVA  results,  the  alpha  level  was  adjusted  utilizing  the  Bonfereoni  adjustment 
described  earlier.  Consequently,  the  adjusted  a-lcvel  was  determined  to  be  0.05/5  = 
0.010.  Univariate  ANOVA  results,  presented  in  Table  3-9,  reveal  no  significant  three- 
way  interactions  among  the  factors  of  gender,  medication  status,  and  baseline  on  the 
dependent  variable  of  IPD  (Fz/jo  = 4.37,  p = 0.015),  nor  was  there  a significant  two-way 
interaction  between  the  factots  (medication  status  x baseline:  = 0.62,  p = 0.542; 

gender  x baseline:  F2.n0  = 0.86,  p = 0.425;  gender  x medication  status:  F1J20  = 0.33,  p = 
0.566).  Main  effects  were  then  examined  and  revealed  that  inspiratory  phase  duration 
differs  for  baseline  (F2.n0  = 18.%,  p < 0.001),  medication  status  (F1.120  = 10.79,  p = 

0.001 ),  and  gender  (Fi.no = 32.04,  p < 0.001 ).  Tukcy's  post  hoc  results,  presented  in 
Table  3-10  and  depicted  in  Figure  3-6,  for  inspiratory  phase  duration  and  baseline 
indicate  no  significant  differences  between  the  two  pre-treatment  baselines  (IPD  [V 1 
mean=  1 .53,  IPD  Pn- r mean  - 1 .36; p = 0.026)  in  IPD.  Inspiratory  phase  durations 
measured  during  the  post-treatment  baseline  (IPDr„i  moan  = 1.19),  however,  were 


significantly  different  than  those  measured  during  the  first  (p<  0.001)  or  second  (p  = 


Table  3-9:  Univariale  ANOVAs 


s summary  (able  foi 


ugh  dependent  variables. 


is  significant  at  o = 0.010. 


Table  3-10:  Post  hoe  tests  for  IPD  by  Baseline. 


Dependent 

Variable 


Independent 

Variable 

Combinations 


* indicates  that  the  mean  difference  is  significant  at  a = 0.010. 


Figure  3-6:  [PD  mean  values  al  different  Baselines. 


Baseline 
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0.009)  pre-treatment  baselines.  On  the  other  hand,  post  hoc  results  for  IPD  and 
medication  status,  presented  in  Table  3-1 1 and  depicted  in  Figure  3-7,  indicate  that  IPDs 
measured  during  the  ON  medication  status  (IPD  on  mean  = 1.2S)  were  significantly 
higher  than  those  measured  during  the  OFF  medication  status  (IPD on-  mean  = 1.15 ;p< 
0.001).  Finally,  post  hoc  results  for  IPD  and  gender,  presented  in  Table  3-1 1 and 
depicted  in  Figure  3-8,  indicate  that  male  participants  (IPD  m mean  = 1 .47)  had  a 
significantly  longer  inspiratory  phase  than  female  participants  did  (IPD  f mean  = 1 .25;  p 
<0.001). 

The  results  of  the  univariate  ANOVA  for  CPD.  presented  in  Table  3-9,  reveal  no 
significant  three-way  interaction  among  the  factors  (F^/m  = 0.99,  p = 0.376).  Examining 
the  two-way  interactions  indicates  a significant  interaction  between  gender  and  baseline 
(F2.120  = 8.10,  p = 0.001 ) and  gender  and  medication  status  (I7 urn  = 12.43,  p = 0.001),  but 
not  between  the  factors  of  medication  status  and  baseline  (Fwo-  0.90,  p = 0.41 1), 
Simple  effect  tests  were  conducted  to  further  explore  the  effect  of  gender  and  baseline  on 
CPD.  Results,  presented  in  Table  3-12  and  depicted  in  Figure  3-9,  revealed  that  the 
CPDs  measured  for  female  participants  during  the  fits!  prc-treatment  baseline  (CPDf.pki 
mean  = 0.35)  were  significantly  longer  than  those  measured  for  females  during  other 
baselines  (CPD  f.  p>c2  mean  = 0.21 , p = 0.002;  CPD  f,  fui  niean  = 0.22,  p = 0.005),  and 
were  significantly  longer  than  those  measured  for  males  during  the  first  pre-treatment 
(CPD  m,  r»ei  mean  = 0.21,  p = 0.003)  or  the  post-treatment  baselines  (CPD m,  mean  = 
0.20,  p <0.001).  No  significant  differences  were  found  between  CPDs  measured  for 
males  during  the  two  pre-trealment  baselines  (CPD  m.  Ivci  mean  = 0.2 1 , CPD  m.  rn!  mean 


= 0.24;  p = 0.904)  or  those  measured  for  males  during  the  post  treatment  baseline  and 


Table  3-11:  Post  hoc  tests  for  1PD  by  Medication  Status  and  by  Gender. 


Dependent  Independent 

Variable 

Variable  Combinations 


* indicates  that  the  mean  difference  is  significant  at  a & 0.010. 


Figure  3-7:  Effects  of  Medication  Status  on  IPD. 


Medication  Status 


Figure  3-8:  Effects  of  Gender  on  IPD. 
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Table  3-12:  Results  of  Tukey’s  simple  effect  testsTor  the  effects  of  Gender  and  Baseline 
on  CPD. 


Independent  Variable 
Combinations 

<J> 

Difference 

Std. 

P value 

1 Fj  Post 

2 F.  Pre  1 

0.218 

0.350 

0.132 

0.036 

0.005* 

3 F,  Pre  2 

0.205 

-0.013 

0.033 

0.998 

4 M,  Post 

0.191 

0.029 

5 M,  Pre  1 

0.208 

0.032 

6 M.  Pre  2 

0.238 

0.028 

2 F,  Pre  1 

3 F.  Pre  2 

0.205 

-0.145 

0.036 

4 M.  Post 

0.191 

-0.159 

0.034 

<0001* 

5 M,  Pre  1 

0.208 

-0.142 

0.037 

0.003* 

6 M,  Pre  2 

0.238 

-0.112 

0.034 

0.016 

3 F,  Pre  2 

4 M,  Post 

0.205 

0.191 

-0.014 

0.028 

0.996 

5 M,  Pre  1 

0.208 

0.003 

0.039 

1.000 

6 M,  Pre  2 

0.238 

0 033 

0 855 

4 M,  Post 

5 M.  Pre  1 

0.191 

0.208 

0.017 

0 030 

6 M,  Pre  2 

0.238 

0.047 

0.025 

0 439 

5 M.  Pre  1 

6 M,  Pre  2 

0.208 

0.238 

0.03 

0.029 

0.904 

1 indicates  that  the  mean  difference  is  significant  at  a = 0,01. 


Figure  3-9:  Effects  of  Gender  and  Baseline  on  CPD. 


those  measured  for  them  during  the  first  ip  = 0.993)  or  second  ip  = 0.439)  pre-treatment 
baselines.  Simple  effect  tests  were  also  conducted  to  further  explore  the  effects  of  gender 
and  medication  status  on  compression  phase  duration.  Results,  presented  in  Table  3-13 
and  depicted  in  Figure  3-10,  revealed  that  CPD  measured  for  males  during  the  OFF 
medication  status  (CPD  m.off  mean  = 0.25)  were  significantly  longer  than  those 
measured  for  them  ON  medications  (CPD  m,on  mean  = 0. 17;  p = 0.008). 

Examining  the  univariate  ANOVA  results  for  PEFR.  presented  in  Table  3-9, 
revealed  no  significant  three-way  interaction  among  the  factors  (Fx/30  = 1 .79,  p = 0. 171), 
nor  was  there  a significant  difference  in  the  two-way  interactions  between  medication 
status  and  baseline  iF;,m  = 3.84,  p = 0.024),  or  gender  and  medication  status  (F;./» = 
0.18,p  = 0.676).  There  was,  however,  a significant  two-way  interaction  between  the 
factors  of  gender  and  baseline  ( F2./20  = 19.82,  p < 0.001 ).  Further,  the  main  effect  of 
medication  status  was  also  significant  (F/,/20  = 15.43,  p < 0.001 ).  Therefore,  a Tukey's 
post-hoc  test  was  conducted  to  further  explore  the  effects  of  medication  status  on  PEFR. 
Results,  presented  in  Table  3-14  and  depicted  in  Figure  3-1 1,  indicate  that  PEFRs 
measured  for  participants  during  the  OFF  medication  status  (PEFR  off  mean  = 8.29) 
were  significantly  higher  than  those  measured  for  them  ON  medications  (PEFR  on  mean 
= 7.75;  p = 0.001).  In  addition,  simple  effect  tests  were  carried  out  to  further  explore  the 
effects  of  gender  and  baseline  on  PEFR.  Results,  presented  in  Table  3-15  and  depicted  in 
Figure  3-12,  indicate  that  PEFRs  measured  for  males  in  any  baseline  were  significantly 
higher  than  those  measured  for  females  during  any  baseline.  In  addition.  PEFRs 
measured  for  males  during  the  post-treatment  baseline  (PEFR  m.phu  mean  = 10.04)  were 
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Tabic  3- 13:  Results  of  Tukey's  simple  effect  tests  for  the  effects  of  Gender  and 
Medication  Status  on  CPD. 


Independent  Variable 
Combinations 

(I)  (J) 

Difference 

(I-J) 

Sid. 

Error 

1 F,  OFF 

2 F.  ON 

0.246 

0.024 

0.028 

3 M.  OFF 

0.004 

0.004 

0.997 

4 M,  ON 

0.174 

-0.072 

2.769 

0.026 

2 F,  ON 

3 M.  OFF 

0.270 

0.250 

-0.02 

0.022 

0.892 

4 M.  ON 

0.174 

-0.0% 

0.800 

0.012 

3 M,  OFF 

4 M.  ON 

0.250 

0.174 

-0.076 

9.5 

0.008* 

* indicates  that  the  mean  difference  is  significant  at  o = 0.01. 


dication  Status  on  CPD. 


m 


Tabic  3-14:  Post  hoc  tesls  for  PEFR  by  Medication  Slaws, 


* indicates  lhat  the  mean  difference  is  significant  at  o = 0,010. 


Figure  3-11:  Effect  of  Medication  Status  on  PEFR. 


* indicates  that  the  mean  difference  is  significant  at  a = 0.01. 


Figure  3-12:  Effects  of  Baseline  and  Gender  on  PEFR. 
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significantly  higher  than  those  measured  for  them  during  the  second  pre-treatment 
baseline  (PEFR  m,  her  mean  = 8.76;  p < 0.001).  No  significant  differences  were  found, 
however,  between  PEFRs  measured  for  males  during  the  post-treatment  baseline  and 
those  measured  for  them  during  the  first  pre-treatment  baseline  (PEFR  m.  p*i  mean  = 

9.06;  p = 0.020).  Further,  no  significant  differences  were  found  between  PEFRs 
measured  for  males  during  the  first  and  second  pretreatment  baselines  (p  = 0.923),  nor 
were  there  any  differences  among  PEFRs  measured  for  females  during  any  of  the 
baselines. 

The  effects  of  gender,  medication  status,  and  baseline  on  PPPD  were  analyzed 
using  a univariate  ANOVA.  Results,  presented  in  Table  3-9,  indicated  no  significant 
two-  or  three-way  interactions  among  the  factors.  Results,  however,  revealed  a 
significant  main  effect  for  gender  (Fj.ih  = 16.25,  p = 0.003),  but  not  for  medication  status 
(Fi.m = 2-37,  p= 0.1 26),  or  baseline  (F,,m = 3.23,  p = 0.043).  The  mean  PPPD  for  male 
participants  (PPPD  m mean  = 0.13)  was  significantly  longer  than  that  measured  for 
females  (PPPD  r mean  = 0.02;  p < 0.001),  sec  Table  3- 16  and  Figure  3-13. 

Finally,  a univariate  ANOVA  was  conducted  to  evaluate  the  effects  of  gender, 
medication  status,  and  baseline  on  PPPA.  Results,  presented  in  Table  3-9,  revealed  a 
significant  three-way  interaction  among  the  factors  (Fjjso = 7.77,  p = 0.001 ).  Therefore, 
simple  effect  tests  were  carried  out.  Results,  presented  in  Table  3-17  and  depicted  in 
Figure  3-14,  indicate  that  PPPAs  measured  for  male  participants  during  the  post- 
treatment  baseline  OFF  medications  (PPPA  m.off.iW'Mii  = 6.33)  were  significantly 
higher  than  those  measured  for  females  during  the  pre-treatment  baselines  in  any 
medication  status,  those  measured  for  females  in  the  OFF  medications  during  any  of  the 


Table  3-16:  Post  I 


: for  PPPD  by  Gender. 


n 


: Is  significant  at  a = 0.010. 
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' indicates  that  the  mean  difference  is  significant  at  a = 0.010. 


! 3-14:  Effects  of  Gender.  Bn 


IMedicatic 


i PPPA. 
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baselines,  and  Ihosc  measured  for  males  OFF  medications  during  ihe  second  pre- 
Irealmcnl  baseline  (PPPA  M.  off.  1*2  mean  = 5.26,  SD  = ;p<  0.001 ).  Results  also  indicate 

the  baselines,  nor  were  they  significantly  different  from  those  measured  for  males  OFF 
medications  during  the  first  pre-treatment  baseline  (PPPA  m.off.  p*i  mean  = 6.37;  p = 
1.00)  or  those  measured  for  females  ON  medications  during  the  post-treatment  baseline 
(PPPA  F.  ON,  non  mean  = 5.29;  p <0.001).  Results  also  indicate  that  PPPAs  measured  for 
males  OFF  medications  during  the  first  pre-treatment  baseline  (PPPA  m,off.ftci  mean  = 
6.37)  were  significantly  higher  than  those  measured  for  females  OFF  medications  during 
any  baseline  and  those  measured  for  females  ON  medications  during  any  of  the  pre- 
treatment baselines.  However,  PPPAs  measured  for  males  OFF  medications  during  the 
first  pre-treatment  baseline  were  not  significantly  different  from  measurements  made  for 
male  participants  at  any  medication  status  during  any  baseline.  In  contrast,  PPPAs 
measured  for  male  participants  OFF  medications  during  the  second  pre-treatment 
baseline  (PPPA  m.off.  iw mean  = 5.26)  were  significantly  higher  than  only  those 

baseline  (PPPA  F.  on.  fm  mean  = 3.1 1;  p < 0.001)  and  female  participants  OFF 
medications  during  the  first  pre-treatment  baseline  (PPPA  F.  off,  iw  mean  = 3.63:  p = 

during  the  post-treatment  baseline  (PPPA  M.  on.  f mmean  = 5.68)  were  significantly  higher 

(PPPA  F,  OFF.  1*1  mean  = 3.63;  p = 0.006)  and  females  ON  medications  during  the  second 
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pre-treatment  baseline  (PPPA  p.  on.  prer  mean  = 3.1 1;  p < 0.001).  Furthermore,  PPPAs 
measured  for  females  ON  medications  during  the  second  pre-treatment  baseline  were 
significantly  lower  than  those  measured  for  males  ON  medications  during  any  of  the  pre- 
treatment baselines  and  those  measured  for  females  during  the  post-treatment  baseline  in 
any  medication  status. 

Swallowing  Quality  of  Life 

A repeated  measures  ANOVA  was  conducted  to  investigate  total  SWAL-QOL 
differences  in  gender  and  baseline  among  participants.  ANOVA  results,  presented  in 
Table  3-18,  showed  no  significant  interaction  between  the  factors  at  a = 0.05  (Fi.m  = 

0. 13,  p = 0.722).  A significant  main  effect  was  found,  however,  for  gender  (F/,«=  7.43, 
p - 0.008),  but  not  baseline  (F/.« = 0. 19,  p = 0.663).  The  mean  total  SWAL-QOL  score 
for  females  ( mean  = 188.50)  was  significantly  higher  than  that  for  males  ( mean  = 183.00; 
p = 0.008),  see  Table  3-19  and  Figure  3-15. 

The  Motor  Section  of  the  Unified  Parkinson's  Disease  Rating  Scale  (UPDRS-M) 

A repeated  measures  ANOVA  was  conducted  to  investigate  total  UPDRS  score 
differences  in  gender,  medication  status,  and  baseline  among  participants.  ANOVA 
results,  presented  in  Table  3-20,  showed  that  the  three-way  interaction  among  the  factois 
was  not  significant  at  a = 0.05  (F>.;» = 0.92,  p = 0.403).  In  addition,  the  two-way 
interaction  between  gender  and  medication  status  was  not  significant  at  a = 0.05  (F/,r» = 

1 .46,  p = 0.230),  nor  was  it  significant  between  the  factors  of  medication  status  and 
baseline  (Fu»  = 0.15.  p = 0.862).  However,  the  two-way  interaction  between  gender 
and  baseline  was  significant  {Pi.no = 3,76,  p = 0.026).  Further,  a significant  main  effect 
for  medication  (F/./m  = 14.33,  p = 0.001 ) was  found.  Consequently,  a Tukey's  post-hoc 
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Tabic  3-18:  Resulls  of  the  repealed  measures  ANOVA  for  SWAL-QOL  total  score. 


significant  ai  a = 0.05. 


tests  for  SWAL-QOL  total  by  Gender. 


Figure  3-15:  Effects  of  Gender  c 


Gender 
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I difference  is  significant  at  o = 0.05. 
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test  was  conducted  to  determine  the  effects  of  medications  on  the  total  scores  of  the 
UPDRS-M.  Results,  presented  in  Table  3-21  and  depicted  in  Figure  3-16,  teveal  that 
total  scores  of  the  UPDRS-M  assigned  to  participants  during  the  OFF  medication  status 
(mean  = 37.30)  were  significantly  higher  than  those  assigned  to  them  during  the  ON 
medication  status  ( mean  = 33.47;  p = 0.001).  Further,  Tukcy's  simple  effect  tests  were 
carried  out  to  explore  the  significant  interaction  between  gender  and  baseline.  Results  of 
these  tests,  presented  in  Table  3-22,  revealed  that  the  only  significant  difference  between 
the  two  genders  among  the  three  baselines  was  that  between  the  total  UPDRS-M  scores 
assigned  to  females  and  males  during  the  post-treatment  baseline.  Indeed,  the  mean  total 
UPDRS-M  score  assigned  to  males  during  the  post-treatment  baseline  (UPDRS-M  m.pom 
mean  = 36.75)  was  significantly  higher  than  that  assigned  to  females  (UPDRS-M  p. 
mean  = 32.88;  p =01 1)  during  that  baseline. 

3oz  Swallow 

A two-way  MANOVA  was  conducted  to  determine  the  effects  of  gender  and 
baseline  on  the  three  dependent  variables  of  total  duration  of  3oz  swallow,  number  of 
swallows,  and  P-A  score.  MANOVA  results,  presented  in  Table  3-23,  indicate 
nonsignificance  for  the  interactions  between  the  factors  (Wilts'  A = 0.491,  Fjt  = 2.07. p 
= 0.205).  The  main  effects  were  then  examined  and  revealed  that  gender  (Wilks' A = 
0.034.  Fu  = 56.53.  p < 0.001 ),  but  not  baseline  (Wilks'  A = 0.487.  F)f  = 2.10.  p = 0.201) 
significantly  affect  the  combined  dependent  variable  of  total  3oz  swallow  duration, 
number  of  swallows,  and  P-A  score.  As  follow-up  tests,  three  univariate  ANOVAs  were 
conducted  to  evaluate  the  effects  of  gender  on  the  dependent  variables  of  total  3oz 
swallow  duration,  number  of  swallows,  and  P-A  score.  Prior  to  examining  the  ANOVA 
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Table  3-21:  Post  hoc  tests  for  UPDRS-M  total  by  Medication  Status. 


Mean  Mean 


* indicates  that  the  mean  difference  is  significant  al  a = 0.03. 
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Figure  3-16:  Effe 


i total  UPDR-M  scores. 
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1 indicates  that  the  mean  difference  is  significant  at  c = 0.05. 


10S 

Figure  3-17:  Effects  Gender  and  Baseline  on  the  total  UPDRS-M  scores. 


Pre  I Pre  2 Post 

Baseline 
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Table  3-23:  MANOVA  results  of  the  effects  of  Gender  and  Baseline  on  3oz  swallow 


Baseline  x Gender 


* indicates  that  the  mean  difference  is  significant  at  a = 0.05. 
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results,  (he  alpha  level  was  adjusted  utilizing  the  Bonferroni  adjustment  described  earlier. 
Consequently,  the  adjusted  a-level  was  determined  to  be  0.05/3  = 0.0167.  Univariate 
ANOVA  results,  presented  in  Table  3-24,  indicate  that  gender  significandy  differs  for 
total  swallow  duration  (F|,®  = 52.98,  p<  0.001)  and  number  of  swallows  (F/y  = 14.01,  p 
= 0.01 1),  but  not  for  P-A  score  (Fj,* = 2.21, p = 0.175).  Females  required  a significantly 
longer  lime  to  clear  a 3-oz  thin  liquid  (mea/t  = 27.58)  than  males  did  (mean  = 12.29).  In 
addition,  females  required  significantly  more  swallows  to  clear  a 3oz  of  thin  liquid  ( mean 
= 9.25)  than  males  did  (mean  = 6.33),  see  Table  3-25  and  Figures  3- 1 8 and  3- 1 9. 

5,  and  lOcc  Swallows 

A multivariate  analysis  of  variance  (MANOVA)  was  conducted  to  determine  the 
effects  of  gender,  baseline,  consistency  and  bolus  size  on  the  dependent  variables  of 
pharyngeal  response  time  (PRT).  hyoid  elevation  duration  (HED),  hyoid  anterior  motion 
response  time  (HAMRT),  hyoid  anterior  motion  duration  (HAMD),  total  hyoid 
movement  duration  (THMD),  closed  velopharyngeal  port  duration  (CVPD),  P-A  score, 
hyoid  elevation  displacement  ratio  (HEDR),  and  hyoid  anterior  motion  displacement  ratio 
(HAMDR).  MANOVA  results,  presented  in  Table  3-26,  revealed  that  the  four-way 
interaction  among  the  factors  was  not  significant  at  o = 0.05  (Wilis'  A = 0.824,  = 

1. 14,  p = 0.355).  Three-way  interactions  among  the  factors  were  also  not  significant  at  o 
= 0.05  (bolus  size  * baseline  x consistency:  Wilks' A = 0,747.  F*«=  1.81,  p = 0.091; 
bolus  size  x consistency  x gender:  Wilks ' A = 0.837,  Fo,«  = 1 .04,  p = 0.426;  bolus  size  x 
gender  x baseline:  Wilks' A = 0.902,  FS4I  = 0.58,  p = 0.806;  consistency  x gender  x 
baseline:  Wilks' A =0.833,  Fsm=  1,07,  p = 0.402).  The  two  way  interactions  between 
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' indicates  that  the  mean  difference  is  significant : 
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Table  3-25:  Posl  hoc  lesls  for  Ihc  effects  of  Gender  on  total  swallow  duration,  number  of 
swallows  and  P-A  score  during  3oz  swallowing. 


Dependent 

Variable 


* indicates  that  the  mean  difference  is  significant  at  a = 0.0167. 
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Figure  3-18:  Effecl  of  Gender  on  tolal  3oz  swallow  duration. 


Figure  3-19:  Effecl  of  Gender  on  the  number  of  swallows  required  to  clear  a 3oz  thin 
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Table  3-26:  MANOVA  results  of  the  effects  of  Gender.  Baseline.  Bolus  Size,  and 
Consistency  on  5 and  lOcc  swallow  measures. 


Statistic 

Value 

Fealue 

Hypothesis 

DF 

Error 

DF 

Wilks  A 

0.350 

9.90 

9 

48 

<0.001* 

Wilks  A 

0.751 

1.77 

9 

48 

0.099 

Wilks  A 

0.766 

1.63 

9 

48 

0.135 

Wilks  A 

0.522 

4.88 

9 

48 

<0.001* 

Gender  x Bolus  Size 

Wilks  A 

0.846 

0.97 

48 

0.473 

Gender  x Consistency 

Wilks  A 

0.811 

1.24 

48 

0.292 

Wilks  A 

0.795 

1.37 

') 

48 

0.227 

Bolus  Size  x 

Wilks  A 

0.860 

0.87 

9 

48 

0.562 

Wilks  A 

0.822 

1.16 

‘i 

48 

0 345 

Wilks  A 

0.823 

1.14 

9 

48 

0.351 

Consistency  x Baseline 
x Gender 

Wilks  A 

0.833 

1.07 

9 

48 

0.402 

Bolus  Size  x Gender  x 

Wilks  A 

0.902 

0.58 

9 

48 

0.806 

Bolus  Size  x 
Consistency  x Gender 

Wilks  A 

0.837 

1.04 

9 

48 

0.426 

Baseline  x Bolus  Size  x 
Consistency 

Wilks  A 

0.747 

1.81 

9 

48 

0.091 

Baseline  x Gender  x 
Bolus  Size  x 
Consistency 

Wilks  A 

0.824 

1.14 

9 

48 

0.355 

* indicates  that  the  mean  difference  is  significant  at  a = 0.05. 
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factors  were  then  examined  and  also  revealed  nonsignificance  (baseline  x consistency: 
Wilks' A = 0.823, fy«=  1. 14, p = 0.331;  baseline  x bolus  size:  Wilks' A = 0.822,  Fe^s  = 
1.16,p =0.345;  bolus  size  x consistency:  Wilks' A = 0.860,  F<m = 0.87,  p = 0.562; 
baseline  x gender:  Wilks' A =0.795,  F»,«=  1.37,  p = 0.227:  gender  x consistency:  Witts' 
A = 0.81I,/*Vjs=  1.24,  p = 0.292;  gender  x bolus  size:  Wilks'  A = 0.846,  F*«  = 0.97,  p = 
0.473).  Therefore,  the  main  effects  were  examined  and  revealed  that  baseline  and 
gender  significantly  affect  the  combined  dependent  variable  of  PRT,  HED,  HAMRT, 
HAMD,  THMD,  CVPD.  P*A  score,  HEDR,  and  HAMDR  (baseline:  Wilks'  A = 0.522, 
Fj«  = 4.88,p<0.001;  gender:  Wilks'  A = 0.350,  Fj.«  = 9.90,  p<  0.001).  This  combined 
dependent  variable,  however,  was  not  significantly  affected  by  bolus  size  (Wilks’ A = 
0.751,  />«=  1.77,  p-  0.099)  or  consistency  (Wilks'  A = 0.766,  Fr«=  1.63,  p = 0.135). 
Therefore,  univariate  ANOVAs  and  Tukey's  post-hoc  tests  were  conducted  as  follow-up 
tests  to  evaluate  the  effects  of  gender  and  baseline  on  the  dependent  variables.  Prior  to 
examining  the  ANOVA  results,  the  alpha  level  was  adjusted  utilizing  the  Bonferroni 
adjustment  described  earlier.  Consequently,  the  adjusted  a-level  was  determined  to  he 
0.05/9  = 0.006.  Univariate  ANOVA  results,  presented  in  Table  3-27.  reveal  that  gender 
significantly  differs  only  for  HAMDR  (Fi.  st  = 56.72,  p < 0.001 ).  whereas  baseline 
significantly  differs  only  for  the  dependent  variables  of  P-A  score  (F/. » = 10.79,  p = 
0.002)  and  HEDR  (/■'/  w = 21 .05.  p < 0.001).  Post  hoc  tests,  presented  in  Table  3-28, 
reveal  that  female  participants  displaced  the  hyoid  more  anteriorly  (mean  = 1.36)  than 
male  participants  did  (mean  = 1.23),  see  Figure  3-20.  They  also  revealed  that  both  P-A 
score  and  HEDR  measured  during  the  post-  treatment  baseline  (P-A  po,i  mean  = 1.13; 
HEDR  mean  = 0.92)  were  significantly  lower  than  that  measured  during  the 
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1 = 0.006. 


Table  3-28:  Post  hoc  tests  for  the  effects  of  Gender  on  HAMDR,  and  Baseline  on  P-A 
score  and  HEDR  during  5 and  IOcc  swallows. 


Dependent 

Variable 


1 indicates  that  the  mean  difference  is  significant  at  a = 0.006. 
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Figure  3-20:  Effect  of  Gender  on  HAMDR. 


pre-trealmem  baseline  (P-A  p„  mean  = 1 .44;  HEDR  m mean  = 0.95).  see  Figures  3-21 
and  3-22. 

Correlations  Between  MEP  and  Other  Dependent  Variables 
A Pearson's  test  of  correlation  was  conducted  between  MEP  and  the  variables 
included  in  this  study.  Results,  presented  in  Table  3-29,  reveal  a significant,  but  weak, 
positive  correlation  between  improvements  in  MEP  and  PPPD  (r  = 0.1 83.  p = 0.030). 
Positive  significant  correlations  were  relatively  stronger  for  MEP  with  SWAL-QOL  total 
score  (r = 0.43 1 . p < 0.001 ).  IPD  (r = 0.545,  p < 0.00 1 ).  and  with  PPPA  (r = 0.596.  p < 
0.001).  An  even  stronger  significant  positive  correlation  was  found  for  MEP  with  PEER 
(r=  0.754,  p < 0.001).  In  contrast,  significant  but  modest  negative  correlations  were 
found  between  MEP  and  total  UPRDS-M  scores  (r  = - 0.32 1 . p < 0.001 ).  FEV 1/FVC  (r = 
- 0.403,  p < 0.001 ).  Stronger  negative  correlations  were  found  for  MEP  with  total  3oz 
swallow  duration  (r  = - 0.544,  p = 0.013),  HEDR  (r = - 0.562,  p < 0.001 ).  and  number  of 
swallows  required  to  clear  3oz  of  thin  liquid  (r  = - 0.61  S.  p = 0.004). 

Reliability 

A Pearson’s  test  of  correlation  and  a paired  sample  t-test  were  conducted  to 
evaluate  the  intra-judge  reliability  in  cough  measures.  Results,  presented  in  Table  3-30, 
reveal  a very  strong  positive  correlation  between  the  measurements  made  twice  by  the 
same  judge  ( r = 0.993).  In  addition,  results  of  the  t-lest  indicate  no  significant  differences 
between  the  measurements  (p  = 0.763).  Similar  tests  were  conducted  to  evaluate  the 
inter-judge  reliability  in  cough  measures.  Results,  presented  in  Table  3-30.  also  indicate  a 
very  strong  positive  correlation  between  the  measurements  made  by  the  two  judges  (r= 
0.969),  and  that  the  measurements  of  the  two  judges  were  not  significantly  different  from 
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Figure  21:  Mean  P-A  scores  at  different  Baselines. 
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jure  22:  Mean  HEDR  al  diffcrem  Baselines. 
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er-judge  reliability  of  cough  i 


Table  3-30:  Results  o 
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each  olhcr  (p  = 0.754). 

To  investigate  the  intra-judge  reliability  of  swallow  temporal  measures  data, 
another  Pearson's  test  of  correlation  and  another  equal-variance  l-test  were  conducted. 
Results,  presented  in  Table  3-29,  reveal  the  presence  of  a very  strong  positive  correlation 
between  the  two  measurements  (r= 0.927),  and  the  indifference  between  them  (p  = 
0.776).  Inter-judge  reliability  of  swallow  temporal  data  was  also  investigated  using  a 
Pearson's  test  of  correlation  and  an  equal-variance  l-test.  Results,  presented  in  Table  3- 
30,  reveal  a very  strong  positive  correlation  between  the  measurements  made  by  the  two 
judges  (r  = 0.91 1 ).  They  also  indicate  that  the  difference  between  the  two  measurements 
were  insignificant  Ip  = 0.684). 

Finally,  the  swallow  displacement  measures  data  were  tested  for  intra-  and  inter- 
judge reliability  using  Pearson's  tests  of  correlation  and  equal-variance  t-tests.  Results  of 
intra-judge  reliability  tests,  presented  in  Table  3-30,  indicate  a very  strong  positive 
correlation  between  the  two  measurements  (r= 0.936),  and  that  the  difference  between 
the  two  measurement  was  insignificant  Ip  = 0.972).  Results  of  inter-judge  reliability 
tests,  see  Table  3-29,  also  indicate  a very  strong  positive  correlation  between  the 
measurements  made  by  the  two  judges  (r= 0.971),  and  that  the  difference  between  the 
two  judges  measurement  was  insignificant  Ip  = 0.941). 


CHAPTER  4 
DISCUSSION 

This  was  a phase  I treatment  outcome  study  evaluating  the  effects  of  an  expiratory 
muscle  strength  training  program  (EMST)  in  patients  with  idiopathic  Parkinson's  disease. 
It  investigated  the  effects  that  potential  gains  in  expiratory  muscle  strength  might  have  on 
pulmonary  and  cough  functions.  Additionally,  the  training  program  specifically  targets 
suprahyoid  muscle  activity.  Thus,  another  purpose  was  to  determine  the  impact  of  EMST 
on  the  swallow  function  of  patients  with  IPD,  Finally,  this  study  investigated  the  effects 
of  antiparkinsonian  medications  on  the  pulmonary  and  cough  functions. 

Pulmonary  Function 

The  results  of  this  study  indicate  that  a significant  improvement  was  found  in  the 
expiratory  muscle  strength  of  patients  with  IPD  following  exposure  to  EMST.  This 
finding  concurs  with  other  studies  utilizing  this  program  in  healthy  (Baker,  2003; 
Sapienza  ct  al„  2002)  and  clinical  populations  (Chiara  et  al..  2003;  Sapienza  et  al„  2001 ; 
Sapienza.  2002)  and  provided  evidence  of  the  training  potential  of  expiratory  muscles  in 
patients  with  IPD.  Further,  this  study  found  no  significant  effect  of  pharmacological 
treatments  on  the  expiratory  muscle  strength  of  patients  with  IPD.  While  this  finding  is 
in  agreement  with  the  findings  of  Weiner  ct  al.  (2002),  it  contradicts  those  of  DeBiuin  et 
al.  (1993).  This  discrepancy  may  be  due  to  differences  in  medications  used  among  the 
studies.  It  could  be  further  attributed  to  differences  in  participants’  age  and  disease 
severity  level.  Compared  to  the  current  study  (mean  age  = 59).  the  participants  in  the 
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Weiner  el  al.  (2002)  study  were  older  (mean  age  = 66)  while  those  in  the  DcBruin  et  al. 
(1993)  study  were  younger  (mean  age  = 51).  All  the  participants  in  the  Weiner  etal. 
(2002)  sample  used  Levodopa  as  their  antiparkinsonian  medication,  whereas  participants 
in  the  DeBruin  et  al.  (1993)  sample  only  used  Apomorphine  (a  dopamine  agonist).  Most 
of  the  participants  in  this  study  used  a combination  of  Levodopa  and  a dopamine  agonist. 
Therefore,  the  potential  improvements  in  MEP  with  a dopamine  agonist,  as  suggested  by 
DeBruin  et  al.  (1993).  might  have  been  blocked  by  the  conjunctional  use  of  Levodopa  by 
participants  in  this  study.  Nonetheless,  this  finding  is  non-trivial  as  it  may  suggest  the 
potential  of  non-dopaminergic,  in  addition  to  dopaminergic,  pathway  involvement  in  the 
pathogenesis  of  respiratory  muscle  weakness  in  patients  with  IPD.  Specifically,  these 
findings  suggest  that  parkinsonian  respiratory  muscle  weakness,  evidenced  here,  is  not 
solely  related  to  nigrostriatal  dopamine  deficiency  and  may  be  due  to  an  addition  non- 
dopamine  related  disturbance  of  the  central  pattern  generator  for  respiration  in  the 
pcdunculopontinc  nucleus  or  related  structures  in  the  brainstem  (sec  figure  1-3). 

The  gender  differences  found  for  expiratory  muscle  strength  in  this  study  were  in 
accordance  with  those  previously  found  for  limb  muscle  strength  (Morrow  & Hosier, 
1981 ; Powers  & Howley,  2001).  The  current  study  found  that  male  patients  with  IPD 
had  significantly  stronger  expiratory  muscles  (approximately  36%)  than  females  did. 
This  gender  effect  is  probably  due  to  the  larger  cross-sectional  area,  and  therefore  force 
production  ability,  of  the  skeletal  muscles  in  males  compared  to  females  (Powers  & 
Howley,  2001).  This  effect  of  gender  on  expiratory  muscles  strength  is  similar  to  that 
reported  for  the  skeletal  muscles  in  the  lower  body  (approximately  30%)  but  less  than 
that  found  for  the  upper  body  (approximately  50%;  Powers  & Howley,  2001).  However. 
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Ihe  expiratory  muscles  of  both  genders  responded  similarly  10  the  slrenglh-lraining 
program,  with  females  gaining  approximalcly  27%  and  males  gaining  approximately 
33%.  This  finding  is  in  agreement  with  those  previously  reported  for  limb  skeletal 
muscles  (Holloway  & Baeche,  1990:  O'Shea  & Wagner,  1981;  Wilmore,  1974). 

The  significant  improvement  in  expiratory  muscles  strength  following  exposure  to 
EMST  resulted  in  improvements  of  some  measures  of  pulmonary  function;  FEV1  and 
MEF.  This  may  be  due  to  improvements  in  expiratory  muscle  force  generation  in 
response  to  strength-training,  similar  to  that  reported  for  limb  muscles  (Hickson,  1980; 
Powers  & Howlcy,  2001).  Improvement  in  FEV1  without  altering  the  FEV1/FVC  ratio 
indicates  that  FVC  was  improved  at  the  same  rate  as  that  of  FEV1.  Descriptive  analysis 
showed  similar  improvements  of  FVC  to  that  of  FEV1,  on  the  order  of  8.5%  increase  pre- 
to  post-training.  Improvements  in  FVC  with  EMST  signify  an  increased  lung  capacity 
likely  causing  the  improvements  of  FEV1.  Improvements  in  FVC  could  be  attributed  to 
potential  improvements  in  inspiratory  muscle  strength  and/or  activity  with  EMST.  The 
potential  strength  gain  of  inspiratory  muscles  is  conceivable  since  the  activities 
performed  during  EMST  require  the  repetitive  activation  (i.e..  increased  load)  of  the 
inspiratory  muscles  to  reach  a near  total  lung  capacity.  Further,  improvements  in  FVC 
could  be  attributed  to  gains  in  the  inspiratory  muscle  activation  since  strength  training 
programs  are  known  to  reduce  the  antagonistic  muscles  coactivation  (Gibberd  et  al„ 
1981).  Therefore,  it  is  possible  that  although  EMST  is  specific  to  the  expiratory  muscles, 
it  has  a potential  secondary  impact  on  the  activity,  strength,  and  function  of  the 
inspiratory  muscles. 
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The  improvements  in  FEV1  in  patients  with  IPD  may  be  beneficial  in  increasing 
their  survival  rate.  Schuncmann,  Dorn,  Grant.  Winkelstein.  and  Trevisan  (2000)  found 
that  higher  FEV 1 scores  were  negatively  associated  with  monality  in  healthy  participants 
and  could  be  used  as  a predictor  for  survival  rales  since  FEV  1 should  result  in  better 
ability  to  clear  the  airway  as  well  as  improve  the  gas  exchange  rate.  Similar  findings 
were  found  by  Neas  and  Schwartz  (1998). 

Antiparkinsonian  medications  failed  to  exert  a significant  change  on  any  of  the 
pulmonary  function  measures  of  this  study,  although  they  resulted  in  a significant  1 1 % 
improvement  in  UPDRS-M  total  scores.  The  effects  of  antiparkinsonian  medications  on 
pulmonary  function  were  consistent  with  the  findings  of  Obcnour  el  al.  ( 1972)  and  Hcrer 
et  al.  (2001)  and  contradicted  those  reported  by  DeBruin  et  al.  (1993).  Nakano  et  al. 
(1972),  and  Vincken  et  al.  (1989).  As  described  earlier,  participants  in  the  DeBruin  et  al. 
(1993)  study  used  dopamine  agonists  whose  effect  may  be  blocked  by  the  conjunctional 
use  of  Levodopa.  Therefore,  their  results  might  not  be  directly  compared  to  those  of  this 
study.  In  contrast,  both  the  Nakano  et  al.  (1972)  and  Vincken  et  al.  (1989)  studies  tested 
the  effects  of  Levodopa  on  the  pulmonary  function  of  their  participants.  The  Vincken  el 
al.  (l989)repotl,  however,  was  of  a single  case  with  a reversible  upper  airway 
obstruction  with  Levodopa  intake.  Although  carefully  designed  and  analyzed,  the  results 
of  Vincken  et  al.  ( 1989)  cannot  be  generalized  to  the  pulmonary  performance  of  patients 
with  IPD  after  Levodopa  intake.  Nakano  et  al.  (1972)  investigated  the  effects  of 
Levodopa  intake  on  23  patients  with  IPD,  but  failed  to  control  for  the  effects  of  smoking 
(sample  included  12  smokers)  or  the  presence  of  other  pulmonary  diseases  (present  in  12 
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of  their  participants).  Therefore,  their  reported  improvements  of  pulmonary  function  as  a 
result  of  Levodopa  intake  could  not  be  isolated. 

The  lack  of  antiparkinsonian  medications  effect  on  pulmonary  function  reported 
by  the  current  study  supports  the  potential  of  non-dopaminergic,  in  addition  to 
dopaminergic,  pathways  involvement  in  the  pathogenesis  of  pulmonary  dysfunction  in 
patients  with  IPD.  As  described  earlier,  these  findings  suggest  that  parkinsonian 
pulmonary  dysfunction,  evidenced  here,  is  not  solely  related  to  nigrostriatal  dopamine 
deficiency  and  may  be  due  to  an  additional  non-dopamine  related  disturbance  of  the 
central  pattern  generator  for  respiration  in  the  pcdunculopontine  nucleus  or  related 
structures  in  the  brainstem  (see  figure  1-3). 

Finally,  male  participants  outperformed  the  females  in  the  pulmonary  function 
measures  of  FEV 1 and  MEF  but  not  FEV 1/FVC.  This  is  consistent  with  reported  gender 
differences  among  healthy  individuals  (e.g„  Ashley,  Kanncl.  Sorlie,  & Masson.  1975; 
Chen  & Kuo.  1989;  Schwartz,  Katz.  Fegley,  & Tockman,  1988). 

Cough  Function 

Cough  measures  were  differentially  affected  by  EMST,  gender,  and 
antiparkinsonian  medications.  Inspiratory  phase  duration  was  significantly  reduced  with 
EMST.  Reductions  in  inspiratory  duration  following  EMST  are  consistent  with  findings 
of  an  earlier  study  utilizing  this  program  in  healthy  individuals  (Baker,  2003),  and  signify 
the  ability  of  the  expiratory  muscles  to  produce  a sufficient  airflow  rate  utilizing  less 
inspiratory  lung  volume. 

Antiparkinsonian  medications  resulted  in  a longer  inspiratory  duration  in  the 
medication  ON  state.  Recall,  there  were  no  significant  effects  of  antiparkinsonian 
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medications  on  any  of  ihe  pulmonary  function  measure  described  earlier,  suggesting  that 
chestwall  rigidity  is  unchanged  by  the  medications.  The  result  for  inspiratory  duration 
was  not  congruent  with  the  anticipated  results  of  medication  intake.  While  other 
hypotheses  about  central  inhibitions  and  activity  of  other  muscles,  such  as  those  in  Ihe 
larynx,  could  be  postulated,  the  fact  that  this  study  did  not  examine  activity  of  the  larynx 
would  make  these  speculations  premature. 

Males  had  longer  inspiratory  durations  than  females  did.  This  may  be  caused  by 
the  previously  reported  relatively  larger  FVC  in  males  than  females.  A larger  FVC  may 
require  a longer  inspiratory  phase  to  reach  a sufficient  inspiratory  lung  volume  for  the 
compression  phase  to  commence. 

As  for  compression  phase  duration,  a significant  interaction  between  the  training 
and  gender  occurred.  This  was  characterized  by  no  change  in  compression  phase 
duration  for  males  with  EMST.  Females,  on  the  other  hand,  had  significant  progressive 
declines  in  compression  phase  durations  with  training.  However,  this  decline  cannot  be 
totally  attributed  to  EMST  because  the  pre-training  multiple  baseline  outcome  for 
compression  phase  duration  produced  by  the  females  was  inconsistent.  In  order  to 
examine  this  variability  in  gender  performance  during  cough  production,  the  status  of  the 
laryngeal  adductors,  like  the  lateral  cricoarytenoid  (LCA)  and  the  intraarytenoid  (IA) 
muscles  should  be  examined  concurrently.  This  would  help  determine  the  normality  of 
their  activity.  If  the  primary  laryngeal  adductors  are  functioning  normally,  then  the  lack 
of  alteration  to  the  compression  phase  duration  would  be  expected.  Antiparkinsonian 
medications  had  no  significant  effect  on  compression  phase  duration. 
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The  PEFR  was  affected  by  EMST  for  the  males.  It  was  significantly  higher  for 
males  post-treatment  from  that  measured  during  the  second  pre-treatment  baseline  but  not 
the  first  one.  This  difference  could  be  attributed  to  inconsistencies  in  the  behavior  of  the 
male  patients  with  IPD  since  the  measurement  made  during  the  second  pre-treatment 
baseline  was  not  significantly  different  from  that  made  during  the  first  pre-treatment 
baseline.  Assuming  PEFR  was  positively  affected  by  EMST  for  the  males,  this  would  be 
likely  due  to  higher  force  generation  of  the  expiratory  muscles,  thus  resulting  in  higher 
airflow  rates.  PEFR  was  unaffected  by  EMST  for  the  females  and  is  most  likely  due  to 
the  smaller  size  of  the  female  airway  limiting  the  peak  expiratory  flow  rate  even  in  the 
presence  of  higher  expiratory  force  generation. 

Antiparkinsonian  medications  reduced  PEFR.  Since  the  expiratory  muscles  were 
unaffected  by  these  medications,  this  negative  effect  could  be  attributed  to  the  possible 
interference  effect  the  medications  might  have  on  the  laryngeal  muscles.  This  was 
alluded  to  earlier  under  the  discussion  for  inspiratory  phase  duration.  While  a 
speculation,  PEFR  may  be  reduced  by  an  incomplete  contraction  of  the  laryngeal 
abductor  muscles  or  incomplete  relaxation  of  the  laryngeal  adductor  muscles.  Since  the 
laryngeal  adductors  appear  to  be  functioning  normally  during  the  compression  phase  the 
possible  implication  of  the  negative  effects  of  medications  on  PCA  is  of  interest  but 
requires  further  study.  Finally,  because  all  measures  were  made  first  in  the  OFF 
medication  state  followed  by  the  ON  medication  state  the  effect  of  fatigue  cannot  be 
ruled  out 

No  significant  effect  was  found  for  EMST  on  the  measure  of  PPPD.  This 
indicates  that  changes  induced  by  EMST  could  not  alter  the  ability  of  the  expiratory 
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muscles  lo  sustain  iheir  generated  force.  This  is  consistent  with  the  findings  of  improved 
force  generation  but  not  endurance  of  the  limb  skeletal  muscles  in  response  to  strength 
training  programs  (Powers  & Howley,  2001). 

A significant  gender  effect  was  found  on  PPPD,  with  males  having  longer  PPPDs 
than  females.  This  is  likely  attributed  lo  the  greater  forced  expiratory  muscle  activity  of 
males,  which  was  demonstrated  in  their  significantly  higher  FEV1  measure  compared  to 
females.  However,  this  result  cannot  be  interpreted  in  isolation  from  PPPA,  since  longer 
duration  with  increased  amplitude  would  be  of  the  most  benefit  for  clearing  the  airway. 

Antiparkinsonian  medications  had  no  significant  effect  on  PPPD.  The  duration  of 
the  PPPD  is  mainly  attributed  to  the  activities  of  the  expiratory  muscles.  The  lack  of 
antiparkinsonian  medications  effect  on  PPPD  demonstrated  here  is  similar  to  the  lack  of 
medications  effect  reported  earlier  for  pulmonary  functions.  It  also  supports  the  potential 
of  non-dopaminergic,  in  addition  to  dopaminergic,  pathways  involvement  in  the 
pathogenesis  of  pulmonary  dysfunction  in  patients  with  IPD.  As  described  earlier,  these 
findings  suggest  that  parkinsonian  pulmonary  dysfunction,  evidenced  here,  is  not  solely 
related  lo  nigrostriatal  dopamine  deficiency  and  may  be  due  to  an  additional  non- 
dopamine related  disturbance  of  the  central  pattern  generator  for  respiration  in  the 
pedunculopontinc  nucleus  or  related  structures  in  the  brainstem  (see  figure  1 -3). 

A three-way  interaction  was  found  for  PPPA  among  baseline  (EMST),  gender  and 
medication.  Results  of  PPPA  indicate  that  although  inconsistent,  males  had  higher  PPPA 
than  females.  Therefore,  males  were  able  to  suslaiathc  post-peak  airflow  at  higher 
amplitudes  and  for  longer  rimes  than  females  did.  This  could  be  attributed  to  differences 
between  the  two  genders  in  expiratory  muscle  strength  and  their  force  generation  abilities 
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(Ashley  el  al„  1975;  Chen  & Kuo,  1989;  Schwartz  et  al„  1988).  The  effects  of 
antiparkinsonian  medications  were  relatively  trivial  as  PPPA  did  not  respond  differently 
in  the  OFF  and  ON  medication  stales.  Although  inconsistent,  PPPAs  were  higher  for 
some  participants  following  EMST  while  PPPD  was  unchanged.  This  indicates  that 
changes  induced  by  EMST  could  be  the  result  of  improved  force  generation  abilities  of 
the  expiratory  muscles,  but  not  the  ability  to  sustain  that  force.  This  is  consistent  with  the 
findings  of  improved  force  generation  but  not  endurance  of  the  limb  skeletal  muscles  in 
response  to  strength  training  programs  (Powers  & Howley,  2001). 

Swallow  Function 

There  was  no  significant  training  effect  on  the  3 oz.  swallow  function.  It  is 
possible  that  a ceiling  effect  is  being  reached  as  the  participants'  swallow  function  were 
mildly  impaired,  and  a population  sample  with  more  severely  impaired  swallow  function 
could  better  reveal  the  full  potential  of  EMST  as  a rehabilitative  program  of  the  swallow 
function  in  patients  with  IPD. 

The  results  of  the  3oz  thin  liquid  sequential  swallow  indicated  only  a significant 
effect  for  gender  as  female  participants  took  a longer  time  to  clear  the  3oz  swallow  with 
more  sequential  swallows  than  males  did.  This  could  be  simply  explained  by  the  known 
larger  anatomical  dimensions  of  the  vocal  tract  in  men  such  as  larger  cross-section  of  the 
pharynx  (Brooks  & Strohl.  1992).  allowing  for  larger  bolus  intake  than  females,  and 
requiring  shorter  time  and  less  number  of  sequential  swallows  to  clear  a constant  volume. 
In  contrast,  all  temporal  measures  of  5 and  lOcc  boluses  in  both  consistencies  were  not 
significantly  affected  by  baseline  and  gender.  Recall  that  the  medication  status  was  not 
compared  for  swallowing  measures. 
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The  displacement  measure  of  hyoid  elevation,  on  the  other  hand,  indicated  larger 
superior  displacement  following  EMST.  This  increased  displacement  post-treatment  was 
achieved  in  the  same  duration  as  that  measured  pre-treatment.  This  finding,  therefore, 
atrested  that  the  hyoid  moved  at  a higher  velocity  in  the  superior  direction  following 
EMST.  Many  underlying  physiological  mechanisms  could  have  attributed  to  this  finding. 
Forced  expiration  is  associated  with  superior  movement  of  the  larynx  that  could  be 
caused  by  either  increased  superior  tracheal  pull  or  the  contraction  of  the  suprahyoid 
muscles  (Fink  & Demarest.  1978;  Korkko.  1998).  It  is  possible,  therefore,  that  this 
increased  activation  of  these  muscles  as  a result  of  the  EMST  task  could  have  resulted  in 
their  improved  force  generation  abilities,  inducing  the  observed  faster  movement  of  the 
hyoid.  Other  hypotheses,  however,  cannot  be  ignored.  Indeed,  high  airflow  rates 
generated  during  EMST  might  have  resulted  in  increased  activation  of  the  lingual  and 
oropharyngeal  mcchanoreccplors,  which  has  the  potential  of  increasing  the  activation  of 
the  nucleus  tractus  solitarius  and,  in  tum,  the  nucleus  ambiguous  and  its  associated  motor 
units.  Conceivably,  this  could  result  in  improved  activation  of  the  pharyngeal  swallow 
pattern  and  its  musculature.  However,  since  no  changes  were  observed  for  the 
pharyngeal  swallow  temporal  measures  following  EMST,  it  is  possible  that  this 
hypothesis  is  not  operational  under  these  conditions.  No  significant  gender  effect  was 
found  on  HEDR. 

An  important  functional  finding  of  the  effects  of  EMST  on  the  swallowing  of 
patients  with  IPD  was  the  significant  improvement  in  P-A  score  following  exposure  to 
EMST.  This  finding  reveals  that  the  physiological  mechanisms  activated  by  EMST 
resulted  in  improved  protection  of  the  airway.  The  three  hypotheses  described  earlier  to 
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explain  the  increased  hyoid  displacement  could  also  be  postulated  for  this  improvement 
in  P-A  score.  Likewise,  improvements  in  P-A  score,  however,  could  be  the  result  of 
increased  activation  of  the  lateral  cricoarytenoid  muscle  (LCA;  a laryngeal  adductor 
muscle)  induced  by  increased  lung  volume  during  EMST  (Koizumi  et  al.,  1996). 
Increased  activation  of  the  LCA  improves  laryngeal  closure  and  could  have  contributed 
to  the  reduction  in  laryngeal  intrusion  observed  following  EMST.  No  gender  effect  was 
found  effect  as  predicted. 

A note  about  the  use  of  the  displacement  ratios  is  applicable  at  this  juncture.  The 
displacement  ratios  used  to  measure  the  hyoid  movements  in  this  study  were  used  as 
indirect  measures  of  the  hyoid  movement  magnitude.  These  measures  were  used  to 
counter  the  potential  effects  of  image  zoom  variations  among  swallows.  Actual 
displacement  measures  could  be  used  in  future  studies  if  a correction  factor  could  be 
included  utilizing  the  presence  of  an  object  of  known  parameters  in  the  captured  swallow 
images.  In  addition,  the  trajectory  of  the  produced  movements  might  be  worth  exploring 
to  identify  the  temporal  progress  of  these  movements,  and  the  possible  associations  of 
these  movements  with  other  temporal  events  in  the  swallow  process. 

Summary 

Overall,  this  study  provided  the  results  of  a phase  I clinical  outcome  research 
(Robey  & Schultz,  1998)  investigating  the  therapeutic  effects  of  EMST  on  pulmonary, 
cough,  and  swallow  functions.  It  further  provided  a Class  II  level  of  evidence  (American 
Academy  of  Neurology,  1994)  of  the  therapeutic  effects  of  EMST  in  patients  with  IPD. 

It  represented  an  essential  step  towards  exploring  the  potential  of  EMST  as  an  efficacious 


rehabilitative  program  for  the  respiratory  muscles  in  patients  with  IPD.  Although 
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therapeutic  effects  were  detected  by  this  study,  preliminary  mvesugations  are  still  needed 
to  establish  the  optimum  duration  of  EMST  to  elicit  the  best  therapeutic  effect.  The 
duration  utilized  in  this  study  was  four  weeks.  The  therapeutic  effects  observed  as  a 
result  of  EMST  in  this  short  period  could  mainly  be  attributed  to  the  physiological 
mechanisms  of  neural  adaptations  (Sale.  1988).  Further  investigations  are  needed  to 
explore  the  sites  of  these  adaptations  by  investigating  the  potential  relative  involvement 
of  the  aforementioned  central  and  peripheral  mechanisms  in  the  emergence  of  the 
therapeutic  effects.  Longer  durations  of  EMST  could  also  be  investigated,  and  the 
underlying  physiological  mechanisms  of  their  therapeutic  effects,  if  achieved,  require 
further  research.  In  addition,  preliminary  work  is  needed  to  investigate  EMST  effects  on 
more  severe  cases  of  1PD  to  explore  the  full  potential  of  this  rehabilitation  program. 
Finally,  the  long-term  effects  of  EMST  as  a therapeutic,  efficacious  home-based 
rehabilitative  program  could  be  investigated.  Its  effects  in  conjunction  with  other 
programs  are  worth  exploring. 

Although  pharmacological  effects  were  trivial  on  the  functions  tested  prior  to 
EMST  their  effects  might  be  considerable  and  worth  exploring  on  a group  of  patients 
with  more  severe  Parkinson's  disease.  The  lack  of  medication  effect  in  the  group  studied 
in  this  project  could  lend  support  to  the  potential  of  non-dopaminergic,  in  addition  to 
dopaminergic,  pathways  involvements  in  the  pathogeneses  of  respiratory  and  cough 
difficulties  in  patients  with  IPD,  It  is  also  consistent  with  the  view  that  the  dopaminergic 
system  affects  systems  in  varying  degrees,  probably  as  a result  that  a defective  motor 
circuit  could  have  on  its  interaction  with  other  neural  circuits  and  structures  (DeLong, 
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1990;  Vitek,  1997;  see  Chapter  One).  These  interactions  are  complex  and  require  careful 
examination  of  their  effects  on  the  functions  investigated  in  the  current  study. 


APPENDIX  A 
THE  SWAL-QOL  SURVEY 


The  SWAL-QOL  SURVEY 
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Instructions  for  Completing  the  SWAL-QOL  Survey 

This  questionnaire  is  designed  to  find  out  how  your  swallowing  problem  has 
been  affecting  your  day-to-aav  quality  of  life. 

Please  take  the  time  to  carefully  read  ana  answer  each  auestion.  Some 
questions  may  look  like  ethers,  but  eacn  one  is  different. 

Here  's  an  example  of  how  the  questions  in  the  survey  will  look. 

■ In  the  last  month  how  often  rave  you  exoenences  eacn  cf  the  symcioms  Oelow. 


Thank  you  for  your  help  in  taking  part  in  this  survey! 


IMPORTANT  NOTH:  We  ur.oerstano  that  you  mav  r.ave  3 numcer  of  ohvstcal  orooiems. 
Sometimes  n Is  naro  to  secarate  these  from  swallowing  Difficulties.  out  we  none  that  you 
:sn  ao  your  cest  to  concentrate  only  or.  your  swallowing  problem.  Thame  you  faryour 
efforts  in  completing  this  Questionnaire- 


3elow  are  some  general  statements  that  oeooie  with  swallowing  problems  might 
mention.  In  the  last  roontn.  how  true  nave  the  following  statements  Been  for  you. 


Strongly  Agree 

Uncertain  Disagree 

Strongh- 

Figunng  out  wtiat  1 can  ana  can  t j 1 | 2 

eat  is  a oroblem  for  me. 

3 4 

5 

It  Is  aifficuit  to  find  fooas  tfiat : 112 

botn  like  and  can  eat. 

3 | 4 

5 
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Often  Sometimes  i Hardly 


My  swallowing  proolem 


My  swallowing  proolem 


T'ninK  aoout  your  social  .ife  tr  tne  tast  mcmn.  now  strongly  would  you  agree  or 
disagree  vmn  tr.e  following  statements? 


circle  one  numoer  on  each  line) 

Strongly  Agree  Uncertain  | Disagree  | Strongly 
agree  j disagree 

l go  not  go  out  to  eat  oecause  * - 3 14  15 

or  mv  swailowmc  orooiem , ! 

Mv  swallowing  proolem  maxes  - 3 4 , 5 

1 r.arg  to  nave  a social  life. I 

My  usual  wont  or  leisure 

i activities  nave  cnangea  ' - 3 - 5 

oecause  of  mv  swallowing 


1 Social  gatnermgs  Hike  ncnoavs 
or  get-tcgetfiersi  are  no: 
enioyaoie  oecause  of — v 

: , 4 I 5 

1 Mv  roie  witn  iamnv  ano  tnenos 

j has  cnangea  Oecause  of  my 

' J , = 

symotoms? 

you  exoenencea  eac 

cf  the  following  physical 

large  one  number  on  each  line) 


Have  trouole  staving  asieeo? 


Feel  exhausted? 
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B.  Circle  this  one  tf  you  are  e3ting  soft,  easv  to  cnew  fooas  like  casseroles,  cannec 


C.  Circle  this  one  if  you  are  eating  food  that  is  out  through  a blender  or  food 
processor  or  anything  that  is  like  pudding  or  oureed  foods. 

D.  Circle  this  one  it  you  take  most  of  your  nutrition  by  tube,  but  sometimes  eat  Ice 
cream,  pudding,  apple  sauce,  cr  other  pleasure  fcoos. 


Circle  this  one  if  you  i 


of  your  nourishment  through 
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Circle  this  if  you  crink  liauics  sucn  as  water,  milk.  tea.  fruit  juice,  and  coffee. 

nectar.  Such  thicK  ncuics  era  off  your  sooon  in  a s;cw  steaav  stream  when  you 
turn  it  upside  oown. 

Circle  this  if  your  licuics  are  nccerately  thick,  like  a tnick  milkshake  or  smoothie. 
Sucn  moaerateiv  ihicx  liouras  are  cifficult  to  suck  through  a straw,  like  a very 
thick  milksnaxe.  :r  orio  off  yeur  sooon  siowiv  oroo  cy  oroo  wnen  you  turn  it 
upside  down,  sucn  as  nenav 


cy  mouth  cr  :f  you  nave  Ceen  limited  to 


Very  Good.. 
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General  Questions  About  You 


What  is  tha  data  of  your  Birth? 


What  is  your  ago  today?  


Are  you  — 


/circle  one  i 


Male 

Female.. 


What  is  your  main  racial  or  ethnic  grouo? 


White  or  Caucasian  cut  ret  -tscane  cr  '.aero 
Siac*  c"  African. American  cut  r.ct  Hscamc  s'  Latino 
Hsoanic  e:  Latir.c 

Clher 


What  is  the  highest  year  of  school  or  college  you  have  ever  completed? 


1 2 3 i 4 5 

Grade  School 


Civorced 
Separatee  . 


Did  anyoooy  nelp  you  complete  this  Questionnaire? 


Read  you  the  questions  and/or  wrote  down  the  answers  you  gave.... 

Answered  We  Q-jesac"s  ter  you 

Helped  in  seme  otner  way  


Please  write  today's  date  here: 


Lasffcage 


COMMENTS: 

Do  you  have  any  comments  accut  tms  Questionnaire?  We  welcome  vour  comments  aoout 
or  contusing  to  you. 


Thank  you  for  completing  this  questionnaire! 


APPENDIX  B 

WRITTEN  TRAINING  INSTRUCTIONS  TO  PARTICIPANTS 
RESPIRATORY  MUSCLE  TRAINING  PROGRAM 
INSTRUCTIONS 

The  most  important  number  to  remember  throughout  this  training  period  is  the  number  5. 
You  will  complete  this  training  program  S days  per  week.  You  will  complete  5 sets  of 
the  exercises  with  5 repetitions  each  time  you  complete  your  training. 

You  have  been  given  a respiratory  trainer  to  complete  your  training  at  home.  You  will 
use  this  same  trainer  for  the  entire  time  that  you  arc  participating  in  this  study. 

FIRST  WEEK  OF  TRAINING 

1.  Place  the  nose  clip  on  your  nose. 

2.  Breathe  in  as  much  air  as  you  can.  and  place  the  mouth  piece  in  your  mouth. 

3.  As  soon  os  the  mouth  piece  is  in  your  mouth,  breathe  out  as  much  air  as  you  can. 

o keep  a tight  seal  with  your  mouth  around  the  mouth  piece; 

o when  the  expiratory  pressure  is  strong  enough  to  open  the  valve,  you  will 
hear  a rush  of  air  move  through  the  device. 

4.  Repeat  this  expiratory  exercise  5 limes  (steps  1-4),  resting  for  30  seconds  to  1 
minute  in  between  each  inspiration. 

5.  When  you  have  finished  all  S expirations,  rest  for  2 minutes  (you  have  completed 


6.  After  you  have  rested  for  2 minutes,  repeat  steps  1 - 5 (the  5 repetitions). 

7.  You  will  continue  with  this  pattern  of  5 expirations  and  2 minute  breaks  until  you 
have  completed  the  S expirations  procedure  5 times  (now  you  have  completed  5 


8.  On  your  training  log,  record  the  date  and  the  time  you  completed  these  exercises. 


ISO 


i will  need  lo  complete  steps  1-9  5 times  during  the  week. 


10.  At  the  end  of  this  training  week,  you  will  have  an  appointment  during  which  your 
maximum  expiratory  pressure  will  be  taken  and  your  respiratory  trainer  will  be 


SECOND.  THIRD.  AND  FOURTH  WEEK  OF  TRAINING 

During  the  second,  third,  and  fourth  week  of  training,  you  will  follow  the 
procedures  described  for  the  first  week. 


APPENDIX  C 

COMPLIANCE  LOG  SHEETS  OF  PARTICIPANT  TRAINING 
Participant:  ID: 

Pressure  Threshold  Training 
Training  Log 

Week  1 
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Participant:  ID: 

Week  2 


Participant: 


ID: 
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